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StarSense 
TECHNOLOGY 


Automatically align 
your Celestron 

telescope with our 
StarSense Accessory! 


The revolutionary technology in 
the award-winning SkyProdigy 
telescope Is now available for 
almost every Celestron 
computerised telescope. 


-@ StarSense 
\ 7e& Accessory 





Align and control your 
Celestron telescope 

» Wirelessly using your 
iPhone or iPad! 


Celestron’s innovative new SkyQ Link WiFi Module turns 


your iPhone or iPad into your own personal planetarium 
and observatory! 






SkyQ Link 
WiFi Module 





Available on the 
a App Store 





Special Offer! 


F1 Telescopes Green Witch (South) 
STOCKIST 
\CFLESTRON’ Sittingbourne Bedfordshire | 
- SUPERCENTRES 01795 432702 01767677025 ™™AS 
Astronomia Green Witch (North) Widescreen Centre my 7 TRE —" 
Dorking West Yorkshire Central London —a 
01306 640714 01924 477719 020 7935 2580 


and specialist dealers nationwide 


WWW.celestron.uK.com 


Celestron®, SkyQ™ and StarSense™ are trademarks or registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. 
All rights reserved. David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 
AppStore is a trademark of Apple Inc. 








For those living in the 
temperate regions of the 
northern hemisphere, there 
is some considerable solace 
Ko} dla liceBiemeslcBeeGm a preLt 
winter is approaching. Aside 
from the fact that, as warm- 
blooded human beings, the 
cold doesn't quite bring the 
hardship that many other 
animals face - nothing that a woolly hat anda 
steaming mug of mulled cider won't remedy, 
anyway - the longer nights are a spectacular 
opportunity to view parts of the sky denied to us 
during the summer, often without having to burn 
the midnight oil, too. Among the other seasonal 
visitors, Orion beats a retreat from the south to 
north, bringing with him his famous nebula. The 
southern hemisphere, meanwhile, trades the 
famous hunter for the constellation of Tucana, 
accompanied by one of the oldest and most 





POA aa Ae le ie ei 
ae AVSIM ESS (ONE up-to-date news and more 





www.spaceanswers.com 


pacers song we were seeing” _ 


Bill Kurth, plasma-wave co-investigator, Voyager 1 space er 


striking clusters in the universe, the 13 billion- 
year-old 47 Tucanae. 

Astronomy can be quite an intimidating subject 
for the complete novice, so we've included a six- 
page how-to on stargazing in this issue, alongside 
our usual guide to the night skies at this time of 
year and reviews of top astronomy kit. Plus, if you 
still don't feel like you can commit to buying a 
telescope yet, we've got a top-of-the-range model 
up for grabs in our competition on page 96. 

There are some exciting events coming up in 
late 2013 besides the upcoming solar maximum: 
several meteor showers are set to make an 
appearance and Comet ISON is just over amonth 
away from its closest approach to the Sun. There's 
no better time to arm yourself with a bit of 
stargazing knowledge and even a few pieces of 
astronomy hardware. So why not get involved? 







Ben Biggs 
Deputy Editor 
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m@ Jonny brought 
his love of cuddly 
animals and his 
byes) ONIONS 16> 
together on page 
28 this month 





Gemma Lavender 

i @ Big guns and 
lunar landers are 
Gemmia's bread 
and butter, as she 
took on both our 
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Giles Sparrow 

@ Giles leads our 
ID eleaeniscie(S 
with the cover 
feature. “It's a hot 
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— ,. . . Under the wing 
pe Bong “+ This incredible image shows the ‘wing’ of the Small Magellanic Cloud (SMC), a 
' ra dwarf galaxy neighbouring the Milky Way in the Local Group of galaxies. The 
; : . : : well * *__ image is a composite of data from the Chandra X-ray Observatory (shown in * » 


purple), optical ore from the Hubble Space Te ck ae TAM Kse C=O 
. #@ blue) and additional data from the Spitzer Space Telescope (also shown in red). . 
_ The ‘wing’ plays host to low-mass stars, with the region having considerably 





wa hy, n ~ ee “ any ly heavier elements than other areas of the Milky Way. This is due tomost 
“ ) . of the stars being of a relatively young age, so they have yet to produce gS 
: F o * * quantities of heavier elements associated with stars of this size like our gwn Sun. 
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An International Space Station Expedition 36 hn eis lands ina remote ‘ , 

part of Kazakhstan, near the town Zhezkazgan. On board the Soyuz LL ’ ’ . : | 
O8M spacecraft were expedition commander Pavel Vinogradov and flight | ~" wu 

engineer Alexander Misurkin (both of the Russian space agency Roscosmos), . | Tae, 

plus NASA flight engineer Chris Cassidy. Don't let the bright’explosion’ at. nee ey, 
the module's base alarm you: the craft's parachute has deployed successfully _ ' FS ang 
here for a soft landing. What you can see in the image is the retrorockets © — A‘ | | . 
firing, further slowing the module to a safe touchdown velocity. ee 
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Shown here is a photo of NASA's 
mobile quarantine facility containing 
the Apollo 11 crew of Neil Armstrong (in 
the window on the right), Buzz Aldrin 
and Michael Collins. The astronauts 
were Sealed inside the facility having 
returned from the Moon, where they 
stayed until they reached the Lunar 
Receiving Laboratory. At the time it 
wasn't known for certain whether 
there were any contagious diseases on 
the Moon that were transmissible to 
humans. Even though it was considered 
highly unlikely, NASA took no chances 
and so quarantine was mandatory for 
astronauts who set foot on the Moon 
up until Apollo 14 in 1971, when it was 
proven that the Moon was completely 


devoid of any life. 
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Self portrait 


This is the Milky Way Galaxy. A real image from this perspective of our own galaxy 
is impossible with current technology of course, but this is the most accurate 
three-dimensional image of the Milky Way yet. It's been created using data from 
the European Southern Observatory’s VISTA telescope (Visible and Infrared Survey 
Telescope for Astronomy) at the La Silla Paranal Observatory in Chile. Of particular 
interest is the bulge at the centre that's common to many types of galaxy, a cloud 
that spans thousands of light years made up of over 10 billion stars and accounting 
for around ten per cent of the Milky Way's total star count. The bulge’s origin and 
structure isn't very well understood, so constructing three-dimensional models 
using the latest data in this way can give scientists a bigger picture of the Milky 
Way's evolution, and that of other barred spiral galaxies, too. 
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Moon shadow 


For most people, a solar eclipse will mean a partial or annular eclipse where part 
of the Sun can still be seen. For those lucky enough to be in the right place at the 
right time, a total eclipse will see the Sun completely hidden by the Moon and for 
several minutes, day will turn to night. But the truly fortunate won't get to see the 
eclipse at all: they will be aboard the International Space Station, watching as the 
shadow of the Moon crosses the Earth, as it did during ISS Expedition 31. Here, 


the shadow of the Moon is cast on the white clouds in the northern Pacific Ocean, 


during the solar eclipse of 20 May 2012. 
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Sagittarius A”, the region at the centre of 
the Milky Way, blasting a jet into space 
that holds cosmic ‘fossils’ 


ry 
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Supermassive black 
hole fossils found — 


“Suddenly we realised it must be the fossil record of a huge 
outburst of energy from the centre of our galaxy” 


Scientists have discovered a ‘fossil’ 
record of an enormous energy surge 
from the centre of our galaxy. Around 
2 million years ago, an eruption of 
multi-spectra radiation 100 million 
times more energetic than any 
recorded today, blasted out from 

the Milky Way's galactic core. This 
huge region, known as Sagittarius 

A* is known to be occupied by a 
supermassive black hole nearly 4 
million times more massive than 

the Sun. An international team of 
astronomers have picked up evidence 
of the ancient outburst in the 
Magellanic Stream. This is a filament 
of mainly hydrogen gas that travels in 
the wake of two smaller galaxies near 


to the Milky Way, the Small Magellanic 


Cloud and the Large Magellanic Cloud. 
“It's been long suspected that 

our galactic centre might have 

sporadically flared up in the past,” 


said the astronomer royal Lord Rees, 

emeritus professor of cosmology and 
astrophysics at the UK's University of 
Cambridge. “These observations are a 
highly suggestive ‘smoking gun\” 

Infrared and X-ray satellites have 
been gathering evidence for the 
team of astronomers in the form of 
a significant wind of stellar material 
‘blowing’ out of the region, plus 
antimatter boiling off Sagittarius A* 
and the Fermi bubbles, which are 
giant clouds of gas that extend for 
thousands of light years out of the 
galactic poles. 

The stars don't produce enough 
ultraviolet light to cause the 
Magellanic Stream to glow with 
radiation the way it does, especially 
at its brightest near the galactic core. 
So this evidence points to a huge 
explosion at the centre of the Milky 
Way - what astronomers call a ‘Seyfert 


“For 20 years we've seen this. 
odd glow from the Magellanic 
Stream Professor Joss Bland-Hawthorn 
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flare’. The team suspects that they 
found the energy markers of this flare 
in the stream. 

“For 20 years we've seen this odd 
glow from the Magellanic Stream,” 
said Professor Joss Bland-Hawthorn, a 
fellow at the Australian Astronomical 
Observatory. “We didn't understand 
the cause. Then suddenly we realised 
it must be the mark, the fossil record, 


of a huge outburst of energy from the 
centre of our galaxy." 

The team is looking forward to an 
event next year when a gas cloud 
will fall on to Sagittarius A*. It’s called 
a G2 gas cloud and isn't very big, 
around three times as massive as the 
Earth, but it should light up the region 
in X-rays and other emissions for 
anything up to several decades. @ 
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Satellite ‘Swarm’ 


to study 


magnetosphere 


Orbital network will investigate why 
Earth's magnetic field is weakening 


The European Space Agency is 
scheduled to launch its latest mission, 
Swarm, on 14 November 2013. 

The trio of spacecraft, which are 
currently being tested at the Plesetsk 
Cosmodrome in Russia, will make 
observations of the Earth’s magnetic 
field once in orbit, recording its 
complex fluctuations especially during 
the upcoming solar maximum. 

In particular, Swarm will take 
precise measurements of the magnetic 
signals emitted from the various 
layers of the Earth, from the core right 
through to the crust, the oceans and 
in its atmosphere. It's known that 
over periods of thousands of years, 
the Earth's magnetic field shifts, 


with magnetic north wandering 
across latitudes until, every hundred 
thousand years or so, it completely 
flips so that magnetic north points 
south and vice versa. Currently the 
Earth's magnetic field is weakening 
significantly, so it’s hoped that Swarm 
will show exactly why that is. 

The satellites themselves will 
orbit the Earth at an altitude of 
approximately 450 kilometres (250 
miles) and have an unusual shape: 
they're trapezoidal and have a nine- 
metre (29.5-foot) long boom with 
a sensor array on the end, to avoid 
readings being disrupted by any 
interference from the electronics on 
the rest of the spacecraft. @ 


“Currently the Earth's. 
magnetic field is weakening 


significantly” 





The Swarm trio will investigate space ‘weather’ 


in the Earth's upper atmosphere as well as 
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available 
on iTunes 
for less 


The most accessible, exciting and 
entertaining history magazine 
available can now be enjoyed 

on your iPad or iPhone. What's 
more, buying the magazine in 
this format offers some truly 
amazing savings. 

In issue five of All About 
History magazine, read the 
story of US president John F 
Kennedy's rise to power, the 
women he was associated with, 
his position in the Cuban missile 
crisis and, of course, his fateful 
assassination. Also, find out 
how Japan's warrior class was 
defeated, how the Greeks won 


. the battle of Thermopylae and 
» learn about the ‘Night Witches’, 


» the female Russian pilots who 
terrorised Hitler’s armies. 

All About History is packed 
full of stunning illustrations, 
facts and insight into the past, 
with expert knowledge and 
eyewitness accounts of some of 
the most famous events in recent 
history from those who have 
lived to tell the tale. 

Take out a monthly 
subscription to All About 
History via iTunes and you'll get 
billed just £1.99 for each issue, 
that’s a saving of 50p on single 
digital issues and £2 cheaper 
than buying print copies. 
Alternatively, All About History 
is available for just £3.99 from 
newsagents and supermarkets. @ 






For full articles: 


www.spaceanswers.com 


Exoplanet 
map made 


Using data from the Kepler 

and Spitzer space telescopes, 
NASA has created the first-ever 
map of the clouds of a planet 
beyond the Solar System. Kepler- 
7b is extremely hot (around 
1,027°C/1,800°F) and is cloudy in 
the west, but clear in the east. 


Black holes 
could be hairy 


A team of European researchers 
have suggested that black 

holes might have ‘hair’. The 
original theory by John Wheeler 
States that mass and angular 
momentum are all you need to 
describe the quantum singularity, 
but the research points to them 
being non-uniform in their shape. 


Moon came 
from Venus? 


Professor Dave Stevenson thinks 
that Earth's Moon could originally 
have come from Venus. Current 
theories don't account for the 
Earth-Moon system's high angular 
momentum, while Stevenson's 
idea that the Moon was knocked 
free from Venus, then stolen by 
Earth, is plausible. 


Poisonous Mars 


Curiosity has discovered a toxic 
chemical in Martian soil. The Mars 
rover has found perchlorate, which 
is already causing problems as 

the heat Curiosity uses causes the 
toxic chemical to react and destroy 
organics. Perchlorate may also 
prove problematic for any future 
manned exploration of Mars. 
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YOUR FIRST CONTACT WITH THE UNIVERSE 


A collaboration between NASA and 
the International Space Exploration 
Coordination Group (ISECG) has 
resulted in a document outlining the 
benefits of space exploration. 

The 26-page white paper doesn't 
directly address the question of the 
relevance of space exploration to 
society; rather, it lays out examples 
of the science and technologies 
developed for space programmes that 
have gone on to benefit humanity 
across the globe. It also explains how 
space exploration has been of benefit 
to culture, inspiring new generations 
to excel and providing “new means to 
address global challenges.” 

Aside from providing a thoroughly 
compelling justification to any sceptic 
questioning the purpose or cost of 
Space exploration, the paper signs off 
with a suitably inspiring conclusion: 
“There is no activity on Earth that 
matches the unique challenges of 
space exploration. The first 50 years 
of space activity have generated 
benefits for people around the 
globe. This past record gives strong 
reason for confidence that renewed 
investments in space exploration will 
have similarly positive impacts for 
future generations.” 

To learn more or to read the 
message in full you can download the 
paper, titled ‘Benefits stemming from 
space exploration’, from the NASA 
website at www.nasa.gov/exploration/ 
about/isecg/ @ 





What's the point in 
Space exploration? 


Space agencies release a white paper 
stating the benefits of exploring space 


NASA states the numerous 
benefits of space 
exploration in the paper 














Cassini peers through 
Titan's hazy atmosphere 





Plastic found 
on Titan 


Cassini spots an ingredient of the 
made substance on Saturn's giant 


many hydrocarbons tha 
the moon's atmosphere, 
the Cassini Composite 
Spectrometer (CIRS). It 
masses and molecules 
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The Saturn orbiter Cassini has found 
small amounts of the chemical 
propylene on Titan. Propylene is all 
around us on Earth, used in everyday 
items such as recyclable plastic 
containers, but until now it hasn't 
been found anywhere else in the 
Solar System. It’s thought that the 
substance is created when sunlight 
breaks the methane on Titan's surface 
apart to form hydrocarbons, which 
then are free to form chains of smaller 
molecules. This includes ethane and 
propane - the gas commonly used for 
Camping stoves. 

The instrument Cassini used 
to probe Titan for this, one of 
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Brain 
Dump: try 
the new 


digital- 
aay 
science 
mag 


Brain Dump, a first-of-its-kind, 
digital-only science magazine for 
iPad, iPhone and Android devices, is 
now available. This groundbreaking 
product can be subscribed to on 
Apple's Newsstand and Google Play 
from just £0.69 ($0.99). 

Built on a new digital platform 
designed by world-leading agency 
3 Sided Cube, Brain Dump delivers 
a flurry of fascinating facts every 
issue, reducing tough-to-grasp 
concepts about science, nature 
and more into bite-sized, easy-to- 
learn articles. It's for the intelligent 
and inquisitive, not just for those 
interested in space, and it answers 
your most pressing science-based 
questions. It's for anyone with an 
interest in science. 

“Brain Dump is a milestone 
product for more than one 
reason,” said Aaron Asadi, Head of 
Publishing. “This is a brand-new 
digital publishing initiative that 
will make everyone sit up and take 
notice.” Dave Harfield, Editor In 
Chief, added: “It’s a proud moment 
for us. Since How It Works ' rise to 
dominance, we've worked tirelessly 
to build on its legacy.” The new 
digital publication is the latest 
addition to Imagine's expanding 
portfolio and a free sample issue 
will come pre-installed on the app. @ 
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Solar maximum 


Our local star might seem 
all of blazing light, 
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Solar maximum 


The Sun is the dominant force 
Shaping conditions on Earth and 
throughout our Solar System - a 
brilliant ball of gas powered by 
nuclear fusion in its core, whose 
influence reaches out across billions 
of kilometres. Radiation at both visible 
and invisible wavelengths provides 
heat and light to the planets, and from 
the point of view of a casual observer, 
seems more or less constant - 
certainly seasonal changes as a planet 
moves around its orbit and changes its 
orientation and distance from the Sun 
have a far greater influence over its 
climate than any slight fluctuations in 
the Sun's behaviour. 

But nevertheless, these changes 
are real - and while they do little 
to change the Sun’s heating effect 
on Earth, they can be spectacularly 
violent in other ways, threatening 
orbiting satellites, distant space 
probes and even reaching down to 
the surface of the Earth itself. The 
Sun is unpredictable and can produce 
extreme outbursts at any time, but in 
general, the frequency and intensity 
of these events varies in a ‘solar cycle’ 
of around 11 years. The cycle, as we 
Shall see, is fundamentally driven 
by the Sun's changing magnetic 
field and, through improving their 
understanding of it, astronomers hope 
to learn more about the deep structure 
of all stars. 

Dr Giuliana de Toma, a solar 
physicist at the National Center 
for Atmospheric Research (NCAR) 
in Boulder, Colorado, has made a 
career of studying the Sun's cyclical 
behaviour. She puts it this way: 
“There is a curiosity that is part of 
human nature that makes us want to 
understand how the Sun and other 
stars work. The Sun is a very special 
star, not only because the life on Earth 
depends on it, but because the Sun is 


“There is a 


curiosity that is 
part of human 


nature that 


makes us want 
to understand 


how the Sun 
and other 
stars work” 


Dr Giulianade Toma 
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the only star that we can observe in 
detail. What makes the Sun (and other 
active stars) very interesting is the 
presence of a magnetic field. One of 
the great challenges in solar physics is 
to understand, and ultimately predict, 
solar magnetic activity.” 

The solar cycle was first identified 
in 1843 by German astronomer 
Heinrich Schwabe - the result of a 
17-year project to map the number and 
size of dark spots on the bright disc 
of the Sun. A few years later, Swiss 
astronomer Rudolf Wolf used historical 
records of these dark sunspots to 
trace Schwabe's cycle back as far as 
1745, confirming a period of around 11 
years with distinct peaks in sunspot 
numbers (solar maxima) separated by 
intervening minima. 

While it may appear superficially 
solid, the Sun's visible surface, or 
photosphere, is in fact a layer a few 
hundred kilometres deep marking the 
region where the Sun's gases finally 
become transparent and allow light 
and other radiations to escape into 
Space - temperatures in this region 
average approximately 5,500 degrees 
Celsius (9,930 degrees Fahrenheit), 
but sunspot regions are up to 2,000 
degrees Celsius (3,630 degrees 
Fahrenheit) cooler, and so appear dark 
in comparison. 

“Sunspots are regions of strong 
magnetic fields that appear dark when 
the Sun is observed in visible light,” 
says Dr de Toma. “At solar maximum 
sunspots are more numerous than 
at solar minimum. Larger and more 
complex sunspots are more commonly 
seen near solar maximum.” 

But while you might think that 
dark spots on the Sun's surface would 
cause its overall energy output to 
fall, the opposite is actually the case: 
“The Sun's radiative output peaks at 
solar maximum. This seems counter- 





Comoe 


Plages and faculae are 
bright, hot regions caused 
by concentrations of 


magnetic field around the 
edge of emerging sunspots. 


GUindnca(eeem | 
The CME is preceded by a 
magnetic reconnection event 
in which the loop of magnetic 
field short-circuits closer to 
the solar surface, leaving its 
upper regions isolated. 


Rapid expansion @ 
Freed from their magnetic 
ties to the Sun, gases 
in the filament expand 
rapidly, blowing out 
across the Solar System at 
hundreds or thousands of 
kilometres per second. 





The violent Sun 


The terms solar flare and coronal 
mass ejection (CME) are often used 
interchangeably, but in reality 

they refer to distinctly separate 
phenomena. A flare is a huge release 
of energy created when magnetic 
field lines looping through the solar 
corona reconnect or ‘short-circuit’ 





While flares have been studied 
for over 150 years, CMEs were first 
conclusively detected in 1971. They 
are usually associated with flares, and 
are thought to be generated when 
loops of magnetic field ‘cut loose’ 
by a magnetic reconnection, and 
the filament material within them, 
at a lower level. The event heats the expand violently outwards. CMEs 
surrounding electrically charged form billowing clouds of relatively 
plasma up to 10 to 20 million degrees dense material within the general 
Celsius (18 to 36 million degrees ‘solar wind’ of particles flowing 
Fahrenheit) causing it to emit intense out from the Sun, but compared 
radiation across the electromagnetic to radiation storms they travel at 
spectrum, and also accelerating comparatively sedate speeds of a few 
subatomic particles such as protons hundred kilometres per second. As 
and electrons to speeds close to that a result, they may take days to reach 
of light. These particles escape the Earth, but when they do, the magnetic 
Sun still travelling at tremendous field still carried within them can 
speed, and give rise to ‘radiation sbaLCay eeCC Mn 'ALU ae Or Dadebsmoy ian pnt ts4e(cuelan} 
storms’ as they pass the planets. to cause major geomagnetic storms. 
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CMEs often begin life as 
filaments - regions of 
relatively dense gas that 
arc along loops of magnetic 
field in the corona. 































| The Sun's magnetic field 


§ The Sun's magnetic field is believed N 
to form beneath its visible surface . 
- specifically in the ‘convective | 
zone’ extending down to about 0.7 | 
solar radii, where bulk movements 
of charged gas bring heat to the 
surface. Details of this mechanism, . ¥ 
known as the solar dynamo, are not 


certain, but at the start of a cycle it is 
capable of generating a fairly orderly : 
magnetic field whose poles roughly y 


align to the Sun's axis of rotation. | | 

Over time, though, the solar interior os r 
experiences ‘differential rotation’ | , 

with equatorial regions rotating faster 

than high latitudes. As a result, the | 


magnetic field becomes distorted, 
and interactions between different TIME 
regions force magnetic loops, the 

focus of sunspots and flares, out of 








Orderly field Differential twisting Active centres 
the surface. As the cycle progresses, a, oe 

a ead At the beginning of a solar cycle, the Equatorial regions of the Sun complete As the magnetic field becomes more 
SOHIE QEiNG Mdeneue aie eats 10 Sun's magnetic field has a clear and one rotation every 25 days, while complex, neighbouring field lines start 
cancel ones the equator, while fairly orderly ‘dipole’ arrangement, those at high latitudes may take 30 to interact and magnetic loops are 
part is carried towards the poles with magnetic field lines entering and days or more. This differential rotation pushed out of the photosphere, while 
where it plays a role in reversing the emerging from the Sun's visible surface gradually pulls the Sun's magnetic field the overall dipole field becomes weaker 


magnetic field for the next cycle. at high latitudes. out of shape. and more complex. 
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How solar storms have affected our 
evolving technology across history 


Lf3}o}o, 


The storm : 

An enormous CME associated with the Carrington Event created a geomagnetic 
storm as it swept past Earth, creating strong electromagnetic fields and pushing 
huge numbers of particles out of Earth's radiation belts into the upper atmosphere. 






_ Telegraph poles 
Electric currents induced in overhead wires 
gave some telegraph operators electric shocks, 
while telegraph pylons threw sparks. 


1989 


The storm 
The CME which caused the 1989 storm was 
released from the Sun on 10 March, a few 
days after a major flare. The storm passed 
Earth on 13 March, causing aurorae that 
could be seen as far south as Florida. 


_ Ground systems 

Electric power networks were not yet 
in use, but flowing currents in telegraph 
wires caused some systems to continue 
sending and receiving signals even 
Wal=lem tates ReeV Ree O) im 





_ Auroras 


Satellites 





| Brilliant northern and southern lights 
covered the sky at high latitudes, 
making the night appear brighter 


than a full Moon. Aurorae were 
visible across the planet, almost 
| down to equatorial latitudes. 


intuitive, but sunspots are surrounded 
by bright features called faculae and 
plages that make the Sun brighter at 
solar maximum.” 

Another aspect of the sunspot cycle, 
meanwhile, gives rise to one of the 
most iconic diagrams in all of science. 
By recording not just the number 
and size of sunspots, but also their 
latitude on the surface of the Sun, 
English astronomer Edward Maunder 
discovered a steady drift in latitude 
throughout each cycle, with spots first 
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appearing in small numbers at high 
latitudes in each hemisphere, peaking 
around mid-latitudes, and dying away 
as the remaining spots converged on 
the equator. The beautiful symmetric 
pattern produced when sunspot 
latitudes over a full solar cycle or more 
are plotted on a graph is known as a 
‘butterfly diagram’. 

While sunspot activity is by 
far the most obvious indication 
of the solar cycle at work, it is far 
from being the only one. Since the 





beginning of the space age, new 
technologies for studying the Sun at 
invisible, high-energy wavelengths 
such as the ultraviolet and X-rays 
have revealed far more spectacular 
outbursts that are also linked to 

the cycle. “The magnitude of the 
solar radiative variation over a solar 
cycle is a function of wavelength. In 


visible light, the change is very small, 


but it is much larger in the shorter 
wavelengths of ultraviolet and X-ray 
radiation,” outlines Dr de Toma. 


A variety of orbiting spacecraft were 
affected, as the storm blocked contact with 
geostationary weather satellites for several 
hours. At lower altitudes, the Space Shuttle 
Discovery and other satellites reported 


faults and anomalies. 


eo 
_ Fluctuations in Earth's [7 
magnetic field induced electric 
elec M OMA -Meme CMM nome 
~ turn tripped circuit breakers 
and caused blackouts in 
~ Quebec and elsewhere. 
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Much of this higher-energy radiation 
is associated with solar flares - sudden 
brightenings of the Sun's surface that 
typically last for just a few minutes 
but can release enormous amounts 
of energy - equivalent to a billion 
megatons of TNT. They occur in the 
solar corona - the Sun's thin outer 
atmosphere where gas is far more 
tenuous than at the photosphere, but 
temperatures can soar up to 2 million 
degrees Celsius (3.6 million degrees 
Fahrenheit), and are often seen 
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The storm | 
We can-expect any future geomagnetic storm to be preceded by one or more 


powerful solar flares. Spacecraft such as NASA's STEREO probes, viewing the Sun 
from different angles, should give a few days’ warning that a CME is on its way. 


ISS 
Astronauts on the International 
Space Station can expect to see 
technical glitches and anomalous 
readings, but should.be shielded 
from the worst of the radiation, 
since they are well within Earth's 
magnetic field. 











p Satellites — 
Hydro-Quebec power grid 2 ‘ Since the 1989 storm, many lessons 
ule Ele Gte tele iD mTels have been learned about satellite design. 
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Se RS Beer el Electronics are typically ‘radiation 
SS el Wives hardened’ to reduce short circuits caused 
SUR eel ela ek fly pres YA Tate (-Mitg] cee LUT aol MTCC NG 
wee LCL ee ae have to be shut down and restarted. 
vulnerable due to local geology | A, 4 \ 
and the length of its power lines. aS oe Sn CIKe)e ne RS e= 10S 
‘we, Beneath Earth's protective 
Ae ~ atmosphere, ground-based electronics 
pat bs are mostly protected, and vital systems 
a in aircraft and cars also have robust 
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designs. However, power networks, 
by their nature, remain vulnerable to 
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Ellery Hale made the link between 


"A direct hit by d powertul CME Cdl CduSe sunspots and powerful magnetic 


fields. Since the Fifties, this has given 


significant disruption to OUT planet's rise to a ‘solar dynamo’ theory that 


magnetic field" 


above active sunspot regions. Flares, 
too, are thought to be connected to 
changes in the Sun's magnetic field, 
specifically ‘reconnection events’ in 
which a loop of magnetic field arcing 
high into the corona ‘short-circuits’ at 
a lower level to release an enormous 
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amount of energy and a burst of high- 


energy radiation. Flares are also often 


associated with huge releases of high- 


speed subatomic particles known as 
coronal mass ejections (CMEs - see 


‘Solar flares vs coronal mass ejections’ 


boxout on page 18). Travelling at 


describes how the Sun’s initially 

smooth magnetic field, deep beneath 
millions of kilometres per hour, the the visible surface, becomes twisted 
particles from a CME can reach Earth during each solar cycle by its fluid 
within a couple of days. rotation, and eventually gives rise to 

19th Century scientists puzzled for magnetic loops that push out through 

some time over the cause of the solar the photosphere and are associated 
cycle, but a key breakthrough came with sunspots, flares and other kinds 
in 1908, when US astronomer George of activity (see ‘The Sun's magnetic 
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Solar maximum 








Tracking solar activity prior to the 
last couple of centuries is difficult. 
Even after the invention of the 
telescope, sunspot records were 
patchy at first. Ironically, when 
astronomers did begin to collect 
consistent observations, it was during 
the Maunder Minimum period of the 
late 17th Century, when spots were 
notably reduced. Long-term rises and 
falls in solar activity are known as 
grand maxima and grand minima - 
the Maunder Minimum was followed 
by a spike in activity during the 18th 
Century, and the short, sharp Dalton 
Minimum between 1790 and 1830. 
From 1900 to the present, activity 
has been high, during a period called 
the Modern Maximum that was at its 
most intense in the late 20th Century. 
Before 1610, solar activity is even 
harder to track directly, since only 
the very largest sunspot groups were 


These two 
eee Lee 
October 2010 

on the left and 
ae oO 


on the right, 
ate iva ale) iva dale 
Sun becomes 
NNO Coee OMe BLE 
nears the peak 
of a solar cycle 


A history of solar activity 


seen or recorded with the naked eye. 
However in 1976, US astronomer 

Jack Eddy demonstrated a direct 

link between solar activity and the 
quantity of radioactive carbon-l4 in 
Earth's atmosphere. Since carbon-14 is 
preserved in ancient tree rings, it can 
be used as a proxy for solar activity, 
and studies using this method have 
revealed a Medieval Maximum 
around 1100 to 1250, bracketed by the 
Oort Minimum in the 11th Century, 
and the Wolf Minimum from around 
1280 to 1340. Intriguingly, just as the 
Maunder Minimum seems to coincide 
with the ‘Little Ice Age’ across Europe 
and North America, the Medieval 
Maximum also coincides with a 
period of mild North Atlantic climate 
known as the Medieval Warm Period. 
Could a decline from the current 
Modern Maximum lead to another fall 
in temperatures? 


Dalton Minimum @ 


The Dalton Minimum, between around 1790 and 
1830, was a relatively brief period of depressed 
solar activity. Global temperatures at the time were | 
also cooler, but this may have been coincidental. | 


® Maunder Minimum 
| During the deepest part of the 
Maunder Minimum in the late 17th 
Century, almost no sunspots were 
seen, despite careful studies by 
experienced observers such as 
Gian Domenico Cassini. 
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® Modern Maximum 
The Modern Maximum 
began around 1914 

and lasted throughout 





the rest of the 20th 
Century, with peaks in 
the Fifties and Nineties. 
The subdued activity 
seen in the current 
Solar Cycle 24 may be 

a sign that it has now 
come to an end. 





SUNSPOT NUMBER 
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1950 
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field’ boxout on page 19). By the end of 
the 11-year cycle, the Sun's magnetic 
field has been converted back to a 
simple ‘dipole’ arrangement, but with 
its north and south poles reversed, and 
the cycle begins again. 

However, a detailed understanding 
of the dynamo remains elusive, 
since it relies on an accurate model 
of the Sun's interior. Such models 
have only become possible in recent 
years thanks to developments in the 
field of helioseismology (using sound 
waves on the Sun's surface to map its 
structure, just as geologists use seismic 
waves to explore our own planet's 
inner layers) and, as a result, many 
questions remain unanswered. 

A direct hit by a powerful CME can 
cause significant disruption to our 
planet's magnetic field. This kind of 
event, known as a geomagnetic storm, 
can send particles pouring into Earth's 
upper atmosphere where they cause 
stunning displays of aurorae (northern 
and southern lights). However, 
the combination of high-energy 
radiation and energetic particles can 
also have more serious effects for 
modern civilisation, affecting orbiting 
spacecraft and even ground-based 
power networks. 

Perhaps the most famous 
geomagnetic storm is the ‘Carrington 
Event’ of 1859, associated with a 
brilliant flare first spotted by English 
astronomer Richard Carrington 
on 1 September 1859. The ensuing 
coronal mass ejection, travelling at 
tremendous speed, reached the Earth 
barely a day later, triggering northern 
lights that were visible as far south 
as the Caribbean, and bright enough 
for people at higher latitudes to read 
newspapers in the middle of the 
night. As the Earth's magnetic field 
warped under the onslaught, telegraph 
systems around the world went 
haywire as they were overloaded with 
unexpected electric currents. 

While both flares and CMEs can 
occur throughout the solar cycle, 
their frequency and average strength 
rises significantly around the solar 
maximum (the Carrington Event, for 
instance, is acknowledged as the peak 
of ‘Solar Cycle 10’). Despite the energies 


involved, Dr de Toma points out that 
the total solar irradiance (TSI) - the 
amount of solar radiative energy that 
reaches the Earth's upper atmosphere 
- varies by just O.1 per cent over a solar 
cycle, but recent research has shown 
that within this overall pattern, solar 
output at different wavelengths can 
vary by much greater amounts. 

Not all cycles are the same, and 
some can be much stronger or 
weaker than others. Occasionally, 
the cycle can barely be detected at 
all, as famously happened during 
the ‘Maunder Minimum’, a period of 
suppressed sunspot activity lasting 
from around 1645 to 1715. This event 
famously coincided with a so-called 
‘Little Ice Age’ of severe winters across 
northern Europe and North America, 
and while it’s impossible to know if 
TSI fell significantly more at this time, 
researchers have recently shown that 
long-term fluctuations in the Sun's 
ultraviolet output could have triggered 
changes to the regional climate. 

So what of the current solar cycle? 
Following strong and well-defined 
cycles in the past few decades, Solar 
Cycle 24, which officially began in 
January 2008, has been somewhat 
quiet, but also rather puzzling. High- 
latitude spots were slow to appear in 
the early months of the cycle, and after 
an active 2011, the Sun surprised most 
experts by slumping back into a lull 
rather than building to an anticipated 
peak in activity. However, some have 
speculated that Cycle 24 might show 
a double peak, with another burst of 
activity in late 2013 and early 2014. 

“This cycle is different from the 
recent cycles,” explains Dr de Toma. 
“During the space age we have seen a 
period of high solar activity, but Cycle 
24 is a very weak cycle. Such weak 
cycles have happened in the past, 
but this is the first time we have the 
opportunity to observe a weak cycle 
with modern instrumentation.” 

Another intriguing feature 
is that the Sun’s northern and 
southern hemispheres seem to be 
behaving rather differently: “The 
two hemispheres are never perfectly 
synchronised, but the hemispheric 
difference in Cycle 24 is very 


“The ensuing CME reached 


the Earth barely a day later, 
triggering northern lights 
that were visible as far south 
as the Caribbean" 
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1998-2000 

As the cycle continued, 
increasing numbers of bright, 
complex features appeared 
in each hemisphere, with the 
regions of activity gradually 
moving towards the equator. 


pronounced. Most of the activity at 
the beginning of the cycle was in the 
north, while now it is in the south.” 

Indeed, the strange features of Cycle 
24 illustrate the difficulty of making 
predictions about the Sun's behaviour, 
as Dr de Toma points out: “Cycle 24 
was the first time that physical models 
of the Sun were used to predict a 
solar cycle. Before that, the solar cycle 
strength was usually predicted using 
simple correlations between sunspot 
numbers and other solar activity 
proxies, or by extrapolating recent 
solar behaviour into the future. Solar 
cycle models are still relatively simple, 
and in spite of the progress in recent 
years in modelling the solar cycle as 
a hydromagnetic dynamo process, 
we still do not have a realistic solar 
dynamo model. This is an area where 
I expect a lot of progress in the future, 
both in terms of improving the models 
and of obtaining new observations to 
better constrain them.” 

The weakness of Solar Cycle 24 has 
even inspired some solar physicists 
to suggest that we might be on the 
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1996-1997 

At the start of Solar Cycle 23, the Sun's 
appearance was almost uniformly dark, 
with just a few bright hotspots of magnetic 
activity at relatively high latitudes. 
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Cycle 23 peaked between 2000 and 
2003. In March/April 2001, the Sun 
released huge CMEs and one of the 
most powerful flares ever recorded. 
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Solar maximum 
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2005-2006 

As masses of magnetised 
gas meet at the equator, 
some start to cancel out 
and solar activity fades 
away. Other magnetic 
material is carried back to 
the poles to regenerate a 
new dipole field. 
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2002-2004 

Centres of activity begin to 
converge on the equator, 
forming a broad band of bright 
features at low latitudes. The 
Sun's overall magnetism starts to 
lose its simple ‘dipole’ structure. 


This sequence of images from NASA's SOHO 


spacecraft captures an entire solar cycle at extreme 
ultraviolet wavelengths, highlighting hot features 


such as flares above the Sun’s visible surface 


erat at the Space Weather Center at NASA's 
Goddard Space Flight Center track solar 
disruptions to predict their impact on Earth 


23 





Solar maximum 





What is a 
sunspot? 

Sunspots are dark patches of less 
dense, relatively cool material. 

They form where loops of the solar 
magnetic field emerge from and 
re-enter the visible photosphere - the 
magnetic field opens up a ‘clearing’ 
that can be up to 2,000 degrees 
Celsius (3,630 degrees Fahrenheit) 
cooler than its surroundings. For 

this reason, spots or groups of spots 
usually come in pairs, with a leading 
and a trailing spot of opposite 
magnetic polarities. The leading spots 
in a given hemisphere always have the 
Same polarity as the general magnetic 
field of the hemisphere itself, and lie 
closer to the equator. A dark central 
region known as the umbra shows 
where the magnetic field lines emerge 
vertically out of the photosphere, while 
a less intense penumbra marks the 
surrounding area where the magnetic 
field lines are tilted and their cooling 
influence is weaker. 
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Solar weather can have 
an adverse effect on 
satellites in Earth orbit 


Leading spot 

The ‘leading’ sunspot lies 

closer to the equator and ) 
has the same polarity to the 
hemisphere in which it lies. 
Magnetic field lines emerging 
through the photosphere 
force open a low-density 
‘clearing’ in the Sun's gases. 


Trailing spot 

The trailing spot is usually 
smaller than the leading spot, 
and often more complex in 
structure. Both spots are 
depressed in relation to the 
surrounding photosphere. 


Mine e eee 

The Sun's photosphere 

is covered with fine cells 

called granules. Within the 
penumbral region, they are | 
distorted by angled lines of 
magnetic field. | 


Weathering 
storms 
from space 


Professor Mike Hapgood explains 
how solar storms can affect Earth 
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Professor Mike Hapgood is head 

of the Space Environment Group 

at the Rutherford Appleton 
Laboratory in Oxfordshire. As an 
internationally recognised expert in 
the field of ‘space weather’, he has a 
deep interest in understanding the 
practical impacts of solar activity on 


our planet and its technology. 


What are the various ways solar 
activity can influence Earth? 

Well space weather, like weather 

on Earth, is very diverse. We have 
geomagnetic storms that are caused 
by the solar wind coming out from 
the Sun, and they have a lot of 
diverse effects all over the Earth 
including changes to the upper 
atmosphere, changes in the magnetic 
field that affect power grids, and 
changes in the environment in near- 
Earth space that affect spacecraft 
and so on. But we also have radiation 
storms - which are related, but a 
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cusp of a new long-term minimum 
in sunspot numbers. In 2010, 
astronomers from the National Solar 
Observatory at Kitt Peak, Arizona, 
reported evidence for a steady decline 
in the strength of the magnetic fields 
associated with sunspots over several 
decades, perhaps leading to a new 
Maunder Minimum. Dr de Toma, 
however, disagrees: “Solar activity has 
been weak lately, but this does not 
make Solar Cycle 24 anomalous. We 
had weak cycles before, for example 
at the beginning of the 20th Century, 
without going into a Maunder 
Minimum. We still do not know how 
and why the Sun went into a Maunder 
Minimum, so we cannot predict one.” 
What’s more, according to recent 
research by Dr de Toma's group at 
NCAR and colleagues at California 
State University, Northridge, the 
sunspot claims may not stack up: 
“These observations are very accurate, 
but the dataset suffers by serious 
selection effects with only a very 
few observations taken near the 
beginning. Many have questioned 
these results, and they have not been 
confirmed by other observations.” Dr 


quite different phenomenon - and 
then there are also X-ray and radio 
flashes - bursts of radiation that have 
different effects. There’s a whole grab- 
bag of environmental phenomena, 
and these have all sorts of effects on 
various systems. 


What are radiation storms? 

These are particles that are 
accelerated to very high speeds and 
energies. What we call the ‘solar wind’ 
is the average flow of particles coming 
out from the Sun, and while it might 
be average, it can still be moving at 
hundreds or thousands of kilometres 
per second. But radiation storms 
involve particles travelling very 

close to the speed of light - almost a 
thousand times faster. Light travels 
from the Sun to the Earth in a little 
over eight minutes, and radiation 
storms are not much slower, while 

the solar wind can take a day to three 
days to reach the Earth. Because 

a atoaM CMU CAV iberem nel ee a BiliKs & 
radiation storm particles can do more 
damage - they can penetrate quite 
deeply into spacecraft electronics, and 
enter Earth's atmosphere to produce 
neutrons in the stratosphere. They 
produce quite detectable levels of 
radiation at aircraft altitudes, and 
when there's a really big burst we can 
even detect it on the ground. 
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de Toma herself was at the forefront of 
one effort to crosscheck the evidence, 
using detailed sunspot records from 
the San Fernando Observatory dating 
back to 1986 in a search for long-term 
changes. “We did not find that spots 
are becoming less dark over time,” she 
explains. “The original researchers 
found a decrease in sunspot darkness 
of about two per cent each year, but 
we found a less than three per cent 
change across the entire 27-year span 
of the SFO observations." 

Nevertheless, it now seems quite 
likely that the Sun does indeed have 
longer activity cycles modulating the 
1l-year sunspot pattern. “There were 
weak solar cycles at the beginning of 
the 1800s and 1900s. We still do not 
know for sure if there is a 1OO-year 
modulation in solar activity, but this is 
a very interesting idea.” 

One thing is for certain, however 
- the Sun and its various cycles will 
continue to influence everything from 
technology to climate. We can do 
nothing to influence our local star, so 
we must learn to at least understand 
it more accurately, and be prepared for 
its occasional outbursts of violence. @ 


How much danger is there to 
satellites in Earth orbit? 
(CX<Tols] re 1W COs VA Yacr Cod N Koel komD\ arena ALS 
most exposed - they're orbiting in 
the outer parts of Earth's magnetic 
field and get almost no protection, 

so they have to endure a lot of solar 
radiation. The key is good design - on 
computer chips for instance, a lot of 
the challenge is about very careful 
layout of the circuit, and maybe not 
putting quite so much on the chip as 
a whole. If you're drawing all these 
tiny electrical circuits what you don't 
want is a situation where a radiation 
hit could cause a short circuit. 


What influence can solar storms 
have on ground-based electronics? 
Well once again, the key is good 
design - if the engineers are aware of 
it, they can deal with it, and there's a 
lot of good work already being done. 
For instance, aircraft are already very 
robust to such issues, and even cars 
are designed with this in mind - you 
can hardly warn people not to drive 
their cars today because there might 
be a solar radiation storm. 


What about the risk of another 
Québec-style incident? 

Well that’s a very different effect, and 
that comes from the geomagnetic 
storms. Part of what they do is 


disrupt the natural electric currents 
that flow around the planet. It’s 
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create changes in the magnetic 

field, and that in turn can produce 
electric currents through Earth's 
crust. Those currents can get into 
things like power grids through the 
earth connections, and if they get 

too big, they can upset the operation 
of transformers. This can produce 
heating, vibration and, in the worst 
case, do serious physical damage - 
but more likely the grid collapses 

and they have to do a ‘black start’, 
restarting the grid with the power 
completely off. That's something 
that’s very heavily rehearsed, but 

of course even having the grid off 

for a few hours would be a major 
disruption. The power grid is the 
fundamental infrastructure of modern 
society, and if it’s not there then that’s 
a real problem - but we should be able 
to cope with other forms of heating 
and lighting for a few hours. 


Solar maximum 
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The Solar Max satellite, in 
operation from 1980 to 1989, 
was one of the first spacecraft to 
closely study solar cycles 


Some people have warned about 
dew eClee ee MEM mn OM MCB ee hts 
near future? 

Well it's always hard to predict - these 
big events can happen any time in a 
solar cycle and we prefer to talk about 
once-in-a-hundred-year risks. It’s not 
a good idea to assume that you'te safe 
from a major event just because it’s 
solar minimum, though it might be 

a bit less likely. Fortunately the Sun's 
been very quiet for most of the past 
few years. On 23 July last year there 
was a very large event, but that went 
off behind the Sun and there's a lot 

of research into what the effects on 
Earth might have been if we had been 
in the way. 


Finally, we guess that one positive 
side effect of these major storms 
for skywatchers would be some 
spectacular aurorae? 

Well that’s certainly true - though 
they might just have to watch them 
with all the lights out! 


“It's not a good idea to 


assume that youre safe from 
a major event just because 
it's solar minimum’ 
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It's almost Sesh 
made of gas... 
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(the other 1% is dust), with about 90%:of the 
atoms in the gas being hydrogen, 9% helium Te 
1% heavier elements. e484 


mt ee 
olde nuns 
mostly empty 


Interstellar space has an average eNSIRY o)me)aTs 
atom per cubic centimetre, although there are # 


regions with higher densities, like nebulas, that ° 
have millions of atoms per cubic centimetre. 


It's the birthplace 
of stars 


The regions of interstellar space where clouds Oi - 
cold molecular and atomic hydrogen are:present 
can form stars through gravitational attraction é 
over hundreds of millions of years. ‘ 


Itcontains 
Tal csy oe) b mee ae 
regions. 


Clouds of dust known as dark nebulas canform = * 
in interstellar space, which absorb light in a 


process called interstellar extinction and appear 
darker than other regions:of space. 


It also has 
beautiful — . 
0 Crete) al Aa TEC 


Some regions of dust and gas actually reflect. 
light and create fantastic nebulas like the "ately 


|e (orte Nelo) b0 ee] Wo) Cera ah fed} which appears blue due <- 
Kendal scattering eTets=ello)if its dust particles.  - , 
ae 
” The Witch Head Nebula is an ie 
example of a blue reflection aia ee a 
nebula in interstellarspace. . aa a 
F rl .: 
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Mission Complete Commemorative Medallion NASA Commemot 

This official Mission Complete Medallion commemorates the This official Award Me Teele’ mise 
historic completion of the Space Shuttle Program. As well as who played a vital role in ‘= ies ite A Progran 
being plated in Antique Bronze these medallions are minted As well as. being coated in Antique Silvertt 

with special flown material from the Space Shuttle Missions. are minted with special material from the me 


LIMITED EDITION. Size: 1-3/4 inches. £16.99 LIMITED EDITION. Size: 1-3/4 inches. £16.99 . rr 


Genuine Moon and Mars Rocks seenhrtcidaeaba icy ete ord han 
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starting From... £34.99 
More than five billion years in the making... Yours in as little as three days 
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Ham the chimp is 
greeted following his 
returirfaem space in 1961 
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astronduts 


We take a look at the intrepid animal explorers, from flies to 
monkeys, that have paved the way for humans to explore space 


Written by Jonathan O'Callaghan 
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In the early days of the space age 
the effects of spaceflight on humans 
were a mystery. It was unknown if 
humans could survive in the harsh 
environment of space, let alone 
operate a spacecraft as would be 
necessary for future space missions. 

So, rather than risk the lives of 
humans, countries including the 
USA and the Soviet Union made the 
controversial decision to fly various 
animals instead. This ranged from fruit 
flies to dogs to monkeys. Sadly, many 
of those early explorers would perish. 

In total 187 different species of 
animal, including humans, have flown 
into space. The list is exhaustive but 
it's difficult to know the exact number 
of a particular animal that has been 
to space, with hundreds of animals 
launched as part of the space race 
in the Fifties and Sixties, such as 
the dozens of rodents launched by 
the Soviets on board their Kosmos 
biosatellites, called the Bion satellites, 
beginning in 1966. 

The use of animal astronauts to 
test various aspects of spaceflight was 
seen as a necessary first step before 
humans could be risked, as no nation 
would dare to launch humans on 
perilous missions without knowing 
whether they would survive or not. 
This caused outrage in many corners 
of the globe, especially when it was 
learned that many of these animals 
would not survive their missions, 


whether by accident or through 
design. For example, on 3 November 
1957 the Soviet Union launched the 
first-ever animal into orbit, Laika the 
dog, but they revealed after launch 
that the dog would not survive more 
than a few hours due to overheating in 
the spacecraft. 

Despite these setbacks, however, 
there were many successful animal 
astronauts and various organisms 
continue to be flown today, although 
now they are used for experiments 
and research rather than as pioneers 
like those animals in the Forties, 
Fifties and Sixties. 

One such early pioneer was the 
American Ham the chimp. On 31 
January 1961 he became the first 
hominid to reach space, succeeding 
a number of other animals including 
mice and other ‘lesser’ species of 
monkey. NASA preferred to use 
monkeys as its pioneers early in its 





This image of a Soviet dog in space was 
intercepted by the CIA in 1960 


How many animals? 


Figures are calculated based on best available information. 
“Correct at time of going to print 
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Animal astronauts Name: N/A 


A ny Bien ae tne 
“Aside from p re 
T aika the milestones 


were two tortoises aboard Zond 
5, along with other smaller living 
re -ESIeM ieee mn ewal 
dog there os aie 
were over 20 eT a sae ire 
other Soviet biter h oy eat 
cosmo-dogs’, pimeberaperonnmiiid hae Veh 
with some 
going into 
spdCe ITNOTe 
than once’ 














Name: N/A - Name: Arabella & Anita 


space programme for their similarity Date: 20 February 1947 Date: 28 July 1973 
to humans, with more than a dozen The first animals in space were These two spiders were famously taken 
being launched by 1961. fruit flies launched on a captured to NASA‘s Skylab station, where they 

The Soviets, meanwhile, preferred to Nazi V-2 rocket to a height of demonstrated that they could spin webs even in 


send dogs rather than monkeys. Aside 
from the aforementioned Laika there 
were over 20 other Soviet ‘cosmo- 
dogs’, with some flying more than 
once. While most survived, some died 
mostly through technical failures, such Name: Albert II 
as the dogs Pchelka and Muska. When Date: 14 June 1949 
their Korabl Sputnik 3 (also known as The first monkey in space was 
Sputnik 6) spacecraft went awry and the US's Albert II, launching to a 
the Soviets lost control of the vessel, height of 134km (83mi), but he 
they made the decision to detonate died on his return to Earth. 
the capsule during re-entry to prevent 
it falling into enemy hands. 

It's not all doom and gloom for 
animal astronauts, though. A huge 
number have been used for scientific 
research up to the present day. NASA's 
Space Shuttle took up a huge variety 
of creatures into orbit from silkworms 
to bees during its lifetime, while there 
are even some Japanese fish currently 
residing on the International Space 
Station in a makeshift aquarium. 

All of these animals have helped to 
observe the effects microgravity has 
on different species. Understanding 
how animals react to an environment 
well beyond their comfort zone 
provides useful information on the 
biology of these animals, and in the 
case of those early animal astronauts 
it also provided us with the knowledge 
we needed to ultimately send humans 
into the unknown. With significant 
advances in technology and less 
ground for controversial animal 
missions, it’s unlikely we'll see such 
drastic programmes come to the fore 
again, So you probably won't see a 
monkey or a dog get to Mars before 
a human. Nevertheless, our ability 
to send humans into space was only 
rendered possible by those original 
animal astronauts. @ 


wean (68mi). microgravity, but they died due to dehydration. 










Date: 31 January 1961 

Ham the chimp was the first hominid 
to be sent into space. By using levers in 
the cockpit, he proved organisms could 
operate successfully in microgravity. 

















Name: Féelicette 
Date: 18 October 1963 
French scientists successfully 
launched the first cat into space in 
1963, with electrodes on her skin 
transmitting her condition. 
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Name: N/A 


Date: 10 July 1985 Name: Pishgam 
oe a ae Decoy scB US aPLOLe 
ae f; ia saa Ss f _ d kd x A Iran claims to have been the latest 
a ai pit a | ade patted nation to launch a primate into 
rate of recovery from injuries in space. Beware 





Pishgam's mission remains suspect. | 
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Name: N/A Name: N/A 
Date: 13 March 1989 Date: 16 January 2003 


On STS-29, flown by Space Shuttle The last flight of Space Shuttle Columbia 
Discovery, 32 chicken embryos carried several species including nematodes 
were taken to space with a handful (roundworms), which were the only survivors 
managing to hatch successfully. when the Shuttle disintegrated on re-entry. 
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Name: N/A 

Date: 23 October 2012 

A species of Japanese Medaka 
fish currently resides on the ISS 
in a rudimentary aquarium in 
the Japanese Kibo module. 









Name: N/A 
Date: 18 March 1995 

Japan's first animals in space were a 
species of newt aboard their Space Flyer 
Unit, which was retrieved in orbit by 
Space Shuttle Endeavour in January 1996. 





Name: N/A 

Date: December 1990 

Gee ieia: le) 

taikonauts were guinea 

pigs, along with dozens of 
other animals and plants. 
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© NASA/JAXA; Getty images 
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Focus on The six million Celsius galaxy 
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The six 
miullion 
Celsius 
galaxy 


A galactic collision superheats a 
huge gas cloud to temperatures 
as hot as the Sun 


About 60 million light years away in the constellation 
Eridanus is the spiral galaxy NGC 1232. Observations 
by NASA's Chandra X-ray Observatory show that 
it’s in the process of a galactic-scale collision with 
a much smaller dwarf galaxy, causing scientists to 
stand up and take notice. The ‘collision’, or merger, 
between the two celestial objects has created a giant 
cloud of gas with a mass of anything from around 
40,000 Suns to 3 million Suns, spreading across 
around half of the galaxy - a diameter of about 
60,000 light years. It has formed a giant comet's 
coma shape that follows the direction that the dwarf 
galaxy is moving in. The gas is extremely hot at a 
temperature of around 6 million degrees Celsius 
(nearly 11 million degrees Fahrenheit), a similar heat mM 
to the Sun's outer atmosphere, or corona. 
The cloud shows up in purple only in X-ray, which 
is why the Chandra Observatory has managed 
to detect it only now. It's being generated by an 
enormous shock wave similar to a sonic boom in . 
the air on Earth, that is rippling across NGC 1232. 7 





Observations of this rare event, the first time it has r 

been viewed, are important to astronomy because “ 

it helps us learn how galaxies grow under these ‘ , 
conditions and through merging with other galaxies, , a 


as well as how frequently these events happen. The 
collision itself will continue for another 50 million 
years and the gas will glow with X-rays for tens of 
millions of years from now. @ a 
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: 7 — - The merging of NGC 1232 and the 
. - smaller dwarf galaxy is likely to last 
“ 4 7 4 for around 50 million years 
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INCREDIBLE 


OPACE, MIS 





IONS 


From drilling on Mars to deflecting asteroids, we take a look at the most 
exciting, dangerous and ambitious missions of the present and future 


The foremost space programmes of the world will 
reach their first centenary by the mid-point of this 
century. A hundred years is enough to see many 
industries achieve a degree of maturity but for space, 
we'll have barely made it out of the cradle and be 
crawling on all fours. NASA might have achieved a 
lunar landing within a decade of being established 
but after 60 years of exponential growth in the space 
industry, the collective efforts of humankind has 
seen no more than a few dozen landers and orbiters 
in Earth's planetary neighbourhood and a handful of 
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Written by Ben Biggs 


probes venturing beyond the asteroid belt. As yet, we 
haven't set foot on another planet, we haven't even 
been back to the Moon since the last Apollo mission 
AO years ago, and still only a privileged few will have 
escaped Earth’s atmosphere within the next few. 
generations to experience the weightlessness of space 
beyond the Karman line. 

Not that we're disparaging the enormous 
achievements scientists have made in the name 
of astronomical pursuits but, despite being an 
industry at the bleeding edge of every science, 


exploration beyond our terrestrial sphere is limited 
by the extremes of the cosmos. That's what makes 
it so fascinating, even to watch it unfold as a 
casual observer: the first people and machines to 
photograph distant worlds or poke beneath the crusts 

of moons is the stuff that has fuelled science fiction - 
for generations. With space no longer the exclusive > 
domain of the government agencies, whether you're 
a NASA project scientist or an amateur stargazer, 
the next year, decade and beyond is going to be an 
incredible time for all. @ 






20 incredible space missions | 
an 


Orbital mechanic _-. 


Russia has grand plans 
for its new space eter 
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Name: OPSEK | Launch date: 2020 | Mission: Space station 2 4 


In 2020 or possibly as late as 2028, 
depending on,whether further 
funding can be secured, the 
International Space Station will be 
decommissioned. Its end-of-life plan is 
likely to start with its deconstruction, 
followed by a deorbit of its modules 
and a destructive re-entry over a safe 
terrestrial corridor. 

The Russian Federal Space Agency, 
however, has plans for a second life 
for the Russian orbital segment of the 
ISS. It will use some of its modules, 
possibly the Zvezda service module 
and mini research module Poisk, to 
form the basis of a new space station 
called OPSEK, the Orbital Piloted 
Assembly and Experiment Complex. 
In the wake of nearly a dozen other 
Russian space stations, it will be the 
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most advanced of its kind, a third- 
generation modular station that will 
serve as.an orbital platform. As a 
stop-off point for spacecraft that will 
go on to outer space missions to the 
rest of the Solar System, OPSEK will « So Ps 
be involved in,maintenance, repairs, “ 
test flights and provide medical ae | 
facilities for crew rehabilitation. Its * 
most interesting function, though, 
will be in creating and servicing space 
tugs used to tow craft to and from 
orbit as well as the assembly of larger 
spacecraft brought to the station in 
pieces. As a modular station, OPSEK’s 
components can be removed or more 
added according to its needs. This 
means it could grow to be bigger 

and provide a more important role in 
Space exploration than the ISS. 
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© Draco thrusters 
Once it has reached its desired 
orbit and separated from the 
rocket, the advanced 
Draco thrusters are 
used to guide the 
DragonRider in 
space and enable 
a terrestrial 
touchdown 
on land. 


® Pressurised capsule 
The DragonRider upgrade 
includes a pressurised 
section with seats for 

up to seven human 
passengers plus cargo. 

A docking system will 
enable it to dock 

with the ISS. 
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2. Fire- -breathing vehicle 


Name: DragonRider | Launch date: 2015 | Mission: Commercial 


crew transport 


SpaceX, the private space transport 
company founded by Elon Musk, is 

in the process of creating the first 
commercial spacecraft to take a crew 
to the ISS. The plan is to put a manned 
Dragon spacecraft on its similarly 
proven Falcon 9 Heavy launcher. The 
two vehicles were developed with crew 
in mind, so it should only take a few 
modifications to the Dragon spacecraft 
to make it suitable for human 
spaceflight. This includes the most 
advanced launch escape system ever 
built, one that can use its SuperDraco 
thrusters to carry the spacecraft 


away from the Falcon 9 rocket in an 
emergency and land it safely in the 
ocean. Incredibly, SpaceX is developing 
a landing system that incorporates retro 
thrusters for a gentle touchdown on 
legs, as opposed to the parachute drop 
technique commonly used for current Trunk @ 
ISS expedition return journeys. The 
Like many of the commercial space trunk 
ventures coming to the fore, SpaceX is can carry 
a pioneer of more affordable solutions unpressurised 
for delivering payloads into space, with cargo and also . 
the DragonRider spearheading the houses the DragonRider’s 


aah solar arrays. The entire section is 
way into the new era of humankind's a 
bead jettisoned before atmospheric re-entry. 
expansion into the Solar System. 


SpaceX is pioneering 
affordable space flight for — 
commercial companies # 
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5. Lunar 
soya U hala 


Name: Red Rover Launch date: 2015 | Mission type: Lunar explorer | 


‘Icebreaker’ is the debut mission for Astrobotic, a competitor in the 
Google Lunar X Prize competition. It will launch via a Falcon 9 
rocket, cruise to the Moon and land in a pit known as Lacus Mortis, 
‘the lake of death’. From here, the mission's Red Rover will explore 
its surroundings, including the entrance to a lunar cave‘network.. 
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John Thornton 


Astrobotic Technology Inc president 


now, we're actively selling payloads 
A aboard the mission, you can buy a 





pound of payload for $550,000 and 
it all scales. NASA did a study and 
figured out that it was costing them 
$10 million per pound to deliver the 
payload they need to the Moon. 
What was the inspiration for Red 
Rover/Icebreaker? 

X Prize for Astrobotic was a catalyst. 
When X Prize was announced, 

it just made sense to launch the 
company and jump into the race. 
Our approach is to create a lunar 
delivery service capable of bringing 
payloads to the Moon at prices that 
the world has never seen. Right 


Assuming all goes well, how long 
do you hope Red Rover will last? 
Our intended landing site is called 
Lacus Mortis, it's a pit on the Moon 
otherwise known as a skylight. It's 
100 kilometres (62 miles) across and 
100 metres (330 feet) deep and when 
you get down to it, it's an entryway to 
a lunar cave network because there's 


The Russian Federal Space Agency's 
next mission to the Moon is of the 
orbiter-surveyor variety, but to simply 
call it an orbiter-surveyor wouldn't 

do it justice. Luna-Glob 1 will be 
launched to the Moon some time in 








lava tubes underneath the surface. 
We're designing this system to last 

a lunar night, the challenge there is 
that the temperatures get down to 
that of liquid nitrogen, -196 degrees 
Celsius (-321 degrees Fahrenheit), 
which is challenging for a lunar rover 
to survive. We're designing for that - 
were not promising we can do that, 
but that is our intention. 


What do you hope to achieve? 
What's the ideal outcome? 

X Prize is just the base line. So our first 
mission will win the X Prize, collect a 
NASA contract called ILDD (Innovative 
Lunar Demonstration Data), which is 


Cosmic ray detector 


Name: Luna-Glob 1 | Launch date: 2015 | Mission type: Lunar surveyor 


observatory 


Name: Chang’e 3 

Launch date: December 2013 

Mission type: Lunar explorer 
China's robotic explorer represents 
its first lunar rover mission. The 
vehicle will house seven instruments, 
including an extreme ultraviolet 
camera that will point towards Earth 
to investigate the effect of the Sun on 
Earth's ionosphere, plus a radar that 
will see the Moon's internal structure. 
It will be the world's first lunar-based 
astronomical observatory. 
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2016 where the lander will use four 
surface penetrators salvaged from the 
cancelled Japanese mission Lunar-A. 
Weighing in at 45 kilograms (lOO 
pounds) apiece, they will punch into 
the lunar surface where they will pick 
up Moon quakes generated deep in 
the lunar interior. This data, along 
with that of past seismic experiments 


“They will punch into 
the lunar surface’ 


»incredible space missions 


Red Rover will investigate 
caves on the Moon 





a $9.5 million contract for data related 
to the Moon landing. It will also carry 
at least a dozen other payloads with 
us. So there will be objectives of those 
payloads that will become part of that 
mission as well. 


What does the future hold for Red 
Rover and Astrobotic? 

Astrobotic in the long term is about 
lunar payload delivery. That's our first 
goal in space. Then, from a big picture 
standpoint we're a space robotics 
company. We're going to make robotics 
in space for a long time to come and 
lunar delivery is our first go in the 
space industry. 
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such as those conducted by Apollo 11 
and 12, will be used to help determine 
the origin of the Moon. Lunar-Glob 

l's orbiter is scheduled for 2016 and 
using a payload of instruments, will 
embark on a study of high-energy 
cosmic rays. Between orbiter 
and lander, Lunar-Glob 

l's objectives include the 
study of two of the most 
intriguing mysteries 

that have evaded 

scientific 

explanation 

for decades. 


Orbiter and lander 
will study two major 
astronomical mysteries 


~ 20 incredible space missions 
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5 Mars and back 


Name: Inspiration Mars | Launch date: 5 January 2018 | Mission type: Mars manned flyby 





Founded by American engineer Mars flyby within 160 kilometres of the mission to its two-man 
and former JPL scientist Dennis (100 miles) of the Martian crew aren't insignificant: there's a 
Tito, Inspiration Mars plans to surface and a return to Earth can marginal increase (no more than 
put a US couple on a spacecraft be completed in just 501 days. three per cent) in the chance 
to Mars and back again. Using Furthermore, the alignment of fatal cancer from cosmic 
established technology, it will will allow the spacecraft what's radiation and the extended time 
= look to take advantage of a known as ‘free return’, where the SJ DcIOL MBB MBB TCC sare hVIA aN s00 MEAN Co 
fortuitous planetary alignment. gravity of the planets will bring its toll. But in terms of setting a 
In 2018 the planets will position the craft back to Earth at no extra’) benchmark, even without setting 
Two brave volunteers themselves in such a way that a fuel cost. The health implications foot on Mars, the success of this 


will be the first humans mission will undoubtedly prove 


to travel to Mars and back a: There's eal hale corel ss in the as invaluable to science as the 


to Earth again 


next generation of Americans it 


chance ‘eye elell cancer” explicitly seeks to inspire. 
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Name: InSight Teens Mars means 
: Launch date: March 2016 UL Dn 
Mission type: Mars Lander ; ae ba | Re 
InSight is a collaborative project SS A par tek — - =< Bs Oo eel a bh 
between the US, German and French , ee at ee ee es = SS Sea —_ i 
space agencies. The lander's primary —_—i/.- FS > i - SS, sls = 
mission will be to record data from A ae fe eo Ce et ee, 
the Martian interior, determining 7 Sa = = =e eee el ~ > a a ees ~< ~ i 





the thickness, composition and <= . Ue Ne ns 
temperature of the various layers a : —— ? 

of the planet. This data will then be 
a > used to further our knowledge of 

= how terrestrial planets - rocky worlds 
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such as those found in the inner Solar | a= a | Ws Gf ae Pp 

System - form and evolve. Mars has apne . WHALE = 
been chosen for this study not just "J Oe ee 

because of our experience landing a g “—. Ws ar 

on the surface but because, unlike / aS, P ata 

the Earth, Venus and Mercury, it's big * iia 


- enough to have borne the processes 
that have shaped the terrestrial planets, 
yet small enough to have retained that 
signature from crust to core. 


Willi am Bruce Banerdt Can you explain why measuring the Could InSight perform its objectives 


InSight principal investigator rate of meteorite impacts on Marsis on another planet? 

- so important? Yes. Many of the same measurements 
We use the number of craters to could be made on either Venus or 
estimate the age of the surface. To do Mercury, although each of those 
that better, we need to know the rate at —_— planets have limitations. But our 
which they are formed. current knowledge is so sparse that 

such measurements on any of the 

What do you expect InSight to rocky planets of our Solar System 
discover during its mission to Mars? would be extremely valuable. The 
We hope to use the measurements that — fact that we have so much other 
InSight will make about the structure information about Mars from the 
and composition of the deep interior many missions over the past 40 years 
of Mars to help us understand how the will help us tremendously in the 
rocky planets formed and evolved. interpretation of our data. 


7s witha test rover at NASA's. 
: = Jet Propulsion L 
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There are now more 
detailed maps of Mars 


than some parts of Earth Mars explorer family 


Launch date: 1997 onwards | Mission type: Mars rovers 





Currently, NASA is enjoying a month life exploring the surface as 
considerable hit rate with its Martian the first successful Mars rover, its 
rovers. It's the only space agency to bigger brothers Spirit, Opportunity 
achieve any success moving across and Curiosity have increased both in 
the planet, despite the early efforts size and ambition. The proposed Mars 
of the USSR in the Seventies and 2020 mission will build on both the 
the ESA's fated Beagle 2. Following established science and technologies 
Sojourner's short but sweet two- of previous Mars rover missions. 
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eolouinic! Spirit Curiosity 
Launch date: 4 July Launch date: 4 Launch date: 
Name: 1997 January 2004 6 August 2012 
~. Orbiter Status: Mission Status: Mission Status: Active 


completed in 1997, final | completed in 2011 
location unknown 


ede 


The Mars Reconnaissance Orbiter 2008, MRO had completed its TT 9. Overachiever 


was launched at a time when two mapping of the Martian surface, Name: Opportunity 
rovers were exploring the Martian providing extensive data on potential Launch date: 25 Janu ary 2004 
~ ‘surface and three other orbiters were landing sites for future surface Status: Active 


exploration missions that included the Curiosity might have grabbed the limelight 


~ ler Ce eee me eC from its older sibling, but when it comes to 
qe been in operation since rover Curiosity. Now in its fifth year of being an achiever, the youngster has barely 


NS d was on its third extended extended missions since its primary begun to prove itself. By comparison, the Mars 
agri It's had a lot to measure Was a MRO continues Exploration Rover Opportunity has conducted 


up to, but — 3 a decade of exploration and scientific reporting, 
meet nearly 40 times the life span it 
was designed for, surviving 
environmental and mechanical 
ape ) adversities that have threatened to 
: kill the mission and contributing 
substantially to the investigation 
| i aaa ) ops of water on Mars as well as its 

- atmosphere and weather. It 
continues to gather data and 
= 7 explore to the present day. 


Opportunity 
has been 


| , exploring for 
“ ~ over a decade 
j | 


ah 
7 
t 
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10. Future rover 


— — Name: Mars 2020 | Launch date: 2020 | Status: Mission proposal 

NASA's Mars missions have had What would be the next step, While the next proposed Martian rover 
a spectacular success rate in the once the InSight mission has Mars 2020 willseek i ee ee 
last decade. Is InSight capable of come to an end? evidence oflifeonMars St any alae ig ee ede 

. . . over MSLs Curiosity (it will use much 
going beyond the end of its primary For the geophysical questions that of the same design as the current 
mission like the Mars rovers? | we have about how planets form and cae) of Mars rover), the opportunities that 
We are designing the Insight mission work, the next step would be to put ri] — Mars 2020 affords are nothing to be 
to have high reliability in order to multiple landers (Say, three to six) on ) tags | et ir eehse, Oneionthegou ionic: 
assure that it can meet its primary the surface at the same time. This 5 bs cP ee Re wilthetse les eae meneeon 
mission. If we do a good job and would allow us to make much higher Se Ga % eect ieee bynes 
if Mars does not throw something resolution measurements (using | ; eazh AAS 5 ms = AN future sample-retum mission and, 
unexpectedly difficult our Way, techniques developed for such science vt ¥ if = ultimately, demonstrate the viability 
we hope to be able to continue _ on Earth) and to begin to map out i¢ xf a of technologies in preparation of a 
operating and making our scientific variations across the planet, to refine i Bee one Nae 
measurements beyond our one-Mars- the average planetary values that 
year goal. InSight will return. 
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Bennu, which follows a very similar 


eel Pe ldemCom ester ladeMeJe ecw ls 
1 is reaches 101955 Bennu, OSIRIS-REx 
. will land on the asteroid and then 


spend 505 days making various 


aN ere OSIRIS-REx! Launch date: Late 2016 | , oT Se lee Snel 


Mission Racers acta et cries) (ome) iio IIc cele me natal 
‘ returning to Earth in 2023. As a rare, 


sUnte Origins Spectral Interpretation the next few years. NASA intendsto —_—_ large carbonaceous asteroid, it is 












- Resource Identification eeu SLAs send the 1,529-kilogram (3,370-pound) jnYoyorse maar imante OVS eiewstsreeTe Sevenyey (a Ed Beshore 
Regolith Explorer (OSIRIS-REx) spacecraft on a three-year journey to’ will provide many clues as to the Deputy principle investigator, 
mission is probably one of the most an asteroid around 575 metres (1,900 formation. of the Solar System and, OSIRIS-REx project 

Why asteroid sampling? 


_exciting missions set to launch in - feet) in diameter known as 101955 perhaps, life on Earth. 
e : P an Despite the fact that we know a lot 






Sy cil aaa about the Solar System, we really 
es om ee sabe oe don't know where the water came 
_ will be success enough 





from. Was it already bound TD in the 
rock that formed the Earth, or was it 
delivered to the Earth by comets or 
other bodies that might have picked 
it up at the edge of the Solar System? 
So what we're looking for is that 
place where we can go to study. this. 


What do youexpect to find in it? 
We're interested to know how water 
is bound up in the asteroids, about 
the sources of organics, we do often ’ 
TEAM ERC SNC RDN 

in asteroids and in addition we're 
looking at aye viet oleran 


You're pret yoy bets Serre too - is it 
possible you ‘ll return there? 
Certainly if we determine that it's 
an existential threat to the Earth, 

I daresay we would. For scientific 
grounds? If we find a monolith we'll 
be going back [laughs] but otherwise 
we'll probably want to go off to other 
asteroids to see what's different. 


What's the ideal outcome when 
you get the sample back? 
I think that getting the sample back 
is actually the ideal outcome. It’s 
basically our criteria for success: it's 
the return of a sample of at least 60g 
(20z). About 45g (1.60z) or so we can 
archive and not have to touch. We 
can get everything we need that’s 
laid down in our mission objectives 
from just 15g (0.50z) of material. It so 
’ happens that in our testing done in 
“microgravity flights, we've actually 
picked up something closer to 2kg 
(4.4lb). So we: know we-have the 
capability to pick up a considerable 
sample, a larger sample than what 
we brought back from the Moon. If 
we bring back a sample like that, it 
KarcVANAG Colers} NM MBA BP: LH Ro) MAU AECI MAM at BLe! 
out, the fact that we are able to do 
that and to analyse these samples, 
will really be the mission success. 
We'll demonstrate something really 
important in doing that. 


“Tf we find:-a. 

-monolith, we'll 

Src elem 
exoynats. a 


Ed eee ee OSIRIS-REX project 
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20 incredible space missions 


Asteroid hunter 


Name: Arkyd-3 | Launch date: 2014 | Mission type: Satellite 





Planetary Resources, the asteroid 
mining company, begins its first foray 
into space next year. The Arkyd- 

3 ‘CubeSats' are a stepping-stone 
technology, a series of tiny satellites 
just 30 centimetres (12 inches) long 
that will test the hardware preceding 
a mission to send Arkyd-100s to scout 
for prospective asteroids. Despite the 
diminutive size and experimental 
status of its technology, the Arykd- 

3 mission is the first step towards 


“The first step towards a 
science-fiction future” 





If it meets its main objectives in 

2014, the European Space Agency’s 
Rosetta mission will be one of the 

few spacecraft to successfully orbit 
and land on a comet. Travelling out 

of the asteroid belt to a distance of 
around Jupiter's orbit, Rosetta will 
rendezvous with its target, comet 67P/ 
Churyumov-Gerasimenko, where it will 
begin its approach. By mid-2014 it will 
be orbiting the comet and mapping its 
surface before releasing a lander called 
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a none-too-distant future that has 
previously been the subject 

of pure science fiction until 
now. From here, Planetary 
Resources will move towards 
mining water, minerals and 
precious metals from near- 
Earth asteroids: from spotting 
resource-rich asteroids, to 
tracking them, to exploring and 
recovering material to transport 
back to Earth. 





- 
t r 
. 3 ee ——— ‘ 
————— ‘a 


Le ~~ ——_—< — . pe pe 
new eves | Tas, ee gall ae 
: 3 z = —— ee ae bed; sd * 
x ——S , —— P . 


Sate eo tomer at 
European Space Agency 







Name: Rosetta 
Launch date: March 2004 
Mission type: Comet 
orbiter/lander 


Philae. This lander will approach the 
comet, firing a harpoon into its surface 
in order to anchor it. From here, Philae 
will investigate the comet's nucleus 
and its chemical composition to help 
us understand the organic compounds 
of comets and how water is transported 
around the Solar System. NASA 
conducted a similar mission with 
comet 9P/Tempel in 2005, although 
the Deep Impact probe never landed ' Rosetta aims to find where the 
on its target comet. ~ Water in the Solar System originated 






There are megabucks to be 
earned hunting asteroids 





Earth 
defender 
Name: Don Quijote 
Launch date: 2015 
Mission type: Asteroid 
orbiter, impactor and lander 
This three-part ESA mission is a 
test to see whether an asteroid 
can be deflected from a collision 
course with Earth. Don Quijote 
will study the asteroid while an 
impactor smashes into the surface, 
before a lander is released on to 
the surface for closer scrutiny. 





Rock hound 
Name: Hayabusa 2 
Launch date: 2014 
Mission type: Asteroid 
survey 

JAXA, the Japanese space agency, 
is sending Hayabusa 2 to an 
asteroid to learn more about the 
early Solar System and the origins 
of life on Earth. Once at Apollo 
asteroid (162173) 1999 JU3, the 
spacecraft will hit it with a 2kg 
(4.4lb) impactor, examine the 
crater and take a sample. 
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16.Giant slayer 


The Dawn spacecraft has the distinction 
of visiting two of the most massive 
asteroids in the main asteroid belt of 
the Solar System, the 525-kilometre 
(326-mile) diameter Vesta and the only 
dwarf planet in the inner Solar System, 
Ceres. Like several other asteroid- 
investigating spacecraft, Dawn is tasked 
with providing data that will help 
scientists to determine the role of water 
in the Solar System and how it has 
affected the evolution of the planets. 


Solar power 

Although Jupiter receives 25 

dense ROL gm lame 

Earth, Juno will harness the Sun's 
CROC ENCES Cen Cea ae 

first to use solar power at such a 

distance. Its solar panels span 20 

metres (66 feet) from its body. 


Electronics vault 

Juno houses its electronics in 

a vault of thick titanium steel 
to protect. it from Jupiter's 
destructive radiation belts - the 
Tesi) MLM dla e B 


Scientific payload 

Juno's instruments include 
ultraviolet and infrared 
spectrometers to view 

the planet at different 
wavelengths, a gravity science 
package plus high-energy 


Mission type: Jupiter orbiter 


Due to arrive at Jupiter in 2016, Juno's 
main objectives will be to analyse 

the gas giant from its core outwards, 
from estimating its core mass and the 
composition of its various layers to 
mapping its magnetic field. Using this 
information we should get a much 
better idea of how Jupiter formed, from 
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particle and plasma detectors. 


17 Armoured Car 


Name: Juno | Launch date: 5 August 2011 | 


its youth as an early Solar System 
subnebula to its status as the biggest 
planet orbiting the Sun. Jupiter's 
treacherous radiation belt means Juno 
has an unusually elongated orbit that 
will allow it to slip past the worst of it, 
while its electronics will be shielded by 
a radiation vault with titanium walls. 


Name: Dawn 
Launch date: 27 September 2007 
Mission type: Asteroid orbiter 


“Dawn will 
help scientists 
determine 
the role of 
water in the 
Solar System” 


Dawn. has already entered orbit around 
Vesta and made its observations, which 
included the discovery of a metallic 
core approximately 220 kilometres 

(137 miles) in diameter. Having broken 
from Vesta's orbit, Dawn is scheduled to 
reach dwarf planet Ceres in early 2015, 
where it will enter an incrementally 
lower orbit, settling at an incredibly low 
altitude of 700 kilometres (434 miles). 
Visiting a third asteroid belt target 
might also be possible. 








° a ! 
The massive wingspan of , 
Juno's Solar atay. | 
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| 18. Frontier explorer 


Name: New Horizons | Launch date: 19 January 2006 | Mission type: Pluto 


| In just under two years, one of Pluto's composition, before New heliosphere and the extreme reaches 

| the most ambitious missions ever Horizons trains its sights on the of the Solar System. New Horizons 

| launched from Earth will reach moon Charon. Once it has conducted also holds the world record for the 
its first target. The New Horizons its flyby of Pluto and its moons, the greatest launch speed of any man- 
spacecraft will arrive at Pluto in spacecraft will move further into the made object, travelling at a relative 
July 2015, by then having already Kuiper belt to target other objects velocity (to Earth) of approximately 
taken images of the dwarf planet before following a similar path as 58,000 kilometres per hour (36,000 
that exceed the best resolution the Voyager probes, out into the miles per hour). 

















wsopseenae dears “It ALSO holds the record for 
Ee swctasobsenainsor  2reatest launch speed 


















19. Planet hunter By watching a parent star and any 


dimming in its brightness that occurs 








Name: TESS if an orbiting planet travels in front of 
Launch date: 2017 it, the size of the planet can usually 
Mission type: Space telescope _be determined. It will remain in an 

The Transiting Exoplanet Survey elliptical Earth orbit for two years, 

ewe = Satellite is an observatory laying the groundwork for future 
» from NASA's 
A ee that specialises in seeking out exoplanet hunters like the James Webb 
> MOSS ene 


exoplanets using the transit method. Space Telescope. 





20. Ringed-planet observer tasscysetsunreutaizenset= Pose” 





Cassini-Huygens has been one of the Cassini was in place to observe Saturn's 
| most prolific and successful space Great White Spot storm rage across its 
, missions of its kind since its launch northern hemisphere. It also captured a 


(discovering three new satellites in the also dropped off by Cassini on to the 


- > 16 years ago. Its main objectives ‘new’ Pale Blue Dot photo of Earth from 
| included a detailed study of Saturn's over 1.4 billion kilometres (900 million 
| , rings, its atmosphere and its moons miles) away. ESA's Huygens probe was 


es ‘ EE process), plus a test of Einstein's general moon Titan. Although Huygens only 
ange relativity theory. These objectives transmitted data for 90 minutes, it's the 
Cassini's many discoveries y y } ' 
a were completed by 2008, after which most distant lander ever sent. 
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The spacecraft and missions that are forging 
the future of space exploration 
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Planet Earth Education 


One of the UK’s most popular 

and longest standing providers 

of astronomy distance learning 

courses. Choose from five 

separate astronomy courses, 

suitable for complete beginner ) ¢ 1 

doe: aime ee ee hecn a ec ie 
ee ee a & A WIDE RANGE OF CCD & DSLR CAMERAS & ASTRO 
GCSE Astronomy. A certificate is PHOTO ACCESSORIES FOR SCIENTISTS & ENTHUSIASTS 
issued for each completed course. 


You will find a complete syllabus 
for each of the courses available, 
along with other details about 
each course, and the necessary 
enrolment information on our 
website. There is a “Student 
Feedback’ link where you can 
view some of the unsolicited , 
comments we have received from aac VISIT US 
past students. We pride ourselves on being accessible and flexible and Celestror Al THE IST 
x oe ee seed eR | ; ’ Ei ea i” NORTH WEST 
offer very attractively priced services, of the highest standards, and we _ a rcne , ASTRONOMY 
work hard to provide you with what you want. Of paramount importance § » FESTIVAL IN 
to us is the one-to-one contact students have with their tutor, who is easily 3 Le RUNCORN, 
accessible even outside of office hours. Planet Earth Education’s popularity - | i 26-27 OCT 
has been growing over many years with various home educators who have | Ce = 
used our courses in the education of their own children, many obtaining 
the GCSE Astronomy qualification, a recognised science qualification. 


Ly Gif fe 


@ 0161 653 9092 Call 020 33 845 187 between 9am — 8pm 7 days a week. 


www.planeteartheducation.co.uk www.3é65astronomy.com 


secu euch UNIVERSITY OF 
sac Southampton 


Launch your career 
as a Rocket Scientist. 


COSC ehte ete bese eee Timke 
become a Rocket Scientist? 


Our new MSc in Space Systems Engineering will provide 
you with a solid grounding for your dream career. 


Learn about all aspects of space missions, including rockets, 
spacecraft and the ground segment and understand the 
spacecraft design process, and much more on this exciting course! 


www.southampton.ac.uk/engineering/mscspacesystems 








FutureTech The Stratolaunch space carrier 


The Stratolaunch 
Space Carrier 


Forget launchpads, it’s all about runways and aircraft when 





it comes to getting into space in the future 


Around 9,100 metres (30,000 feet) 
in the air is where you would expect 
to find most commercial airlines 
cruising above the clouds, but to 
aerospace company Stratolaunch 
Systems, such a dizzy height is where 
the window to future space travel 
could be getting a new and much 
improved boost. The ace up its sleeve 
that will make this possible? The 
Stratolaunch carrier aircraft. 

While the stratosphere-touching 
aircraft has not actually been built 
yet, plans have been put in place to 
make 2016 the year that the unusual- 
looking craft - proudly referred to 
as an ‘any time, any orbit’ air-launch 
system - will get its first set of 
test flights. Constructed under the 
auspices of Ansari X Prize winner 
Scaled Composites and funding 
from philanthropist Paul Allen (who 
made his money through cofounding 
software giant Microsoft), the 
Stratolaunch carrier aircraft has its 
roots in that record-breaking 2004 
X Prize flight: that one that saw a 
private company send a manned 
flight into space for the first time. 

The vehicle that won the X Prize 
was Called SpaceShipOne and it 
was launched from an aircraft 
called White Knight. Designed by 
aerospace engineer Burt Rutan, 
the SpaceShipOne technology is 
now being integrated into Virgin 
Galactic's spacecraft. But that is for 
Space tourists and while that will be 
a healthy industry in its own right, 
what about the serious business of 
putting satellites and other payloads 
into space? 

That is where the Stratolaunch 
carrier aircraft hopes to make its 
mark, becoming an important player 
in the aerospace industry and aiming 


to deliver payloads as well as manned 





spacecraft to low Earth orbit. It is an 
open market at present; ever since the 
Space Shuttle retired there has been 
an opening for private initiatives to 
meet the demand to put satellites into 
space. Some of these are conventional 
rockets blasting off from launch 

pads on terra firma, but Stratolaunch 
intends to steal 9,100 metres (30,000 
feet) on its competitors by launching 
its rockets - named Pegasus II - 

from its aircraft carrier. Built partly 
from cannibalising a pair of Boeing 
747-400 jets for their flight decks, 
landing gears, avionics and most 
importantly their mighty engines, the 
Stratolaunch carrier aircraft will be 
enormous. From wingtip to wingtip it 
will be the largest aeroplane ever built 
at around 117 metres (385 feet). 

The Pegasus II rocket is to be built 
by space corporation Orbital Sciences 
and will have a length of 37 metres 
(120 feet) and the capacity 
to carry a payload of 
6,800 kilograms 
(15,000 
pounds) 
including satellites and equipment 
up to five metres (16 feet) across. Up 
there with trans-Atlantic passenger 
jets, the Pegasus II will drop away 
from the carrier aircraft and light up 
its first two stages, which are solid 
rocket boosters like the Space Shuttle 
had, before a third stage ignites a 
store of liquid oxygen/hydrogen fuel 
to take the rocket into low Earth 
orbit. An optional fourth stage could 
take Pegasus II even further with 
ia atcu-| DUN Ma CONG (UA mee cle cir ules elay 
satellites 35,000 kilometres (22,000 
miles) high. Meanwhile, as the 
Pegasus II is rocketing into space, the 
Stratolaunch carrier aircraft, which 
has a range of over 1,600 kilometres 
(1,000 miles), will simply fly back 


home. Such a huge beast of an 
aircraft, tipping the scales at 600,000 
kilograms (1,300,000 pounds) fully 
loaded, will need a runway over 3.5 


kilometres (two miles) long to land on. 


If successful the Stratolaunch 
oo a (oy are Del e-DAmce-Le AUD lee osm stele 
obvious. By launching from 9,100 
metres (30,000 feet) the rocket 
requires less fuel than one that takes 
off from the ground and therefore 
less mass, leaving more room for the 
payload. This should make the cost of 
launching the rockets cheaper than 
the alternatives. Cost has always been 


“Such a huge beast 
of an aircraft will 
need a runway 
over 3.5km long 
to land on" 


one of the major issues with getting 
into space as often the hefty price tag 
of ventures such as the Space Shuttle, 
which cost an average of $450 million 
(£285 million) every time it blasted 
off, have proved prohibitive. The 
Stratolaunch carrier aircraft combined 
with the Pegasus II rocket aims to 
cost a fraction of the price. 

A demo launch of the Pegasus 
rocket system is scheduled for 2018. 
Soon thereafter, it is hoped, the 
system will begin regular flights, 
launching rockets to space from under 
the belly of the beast. ® 
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The Stratolaunch space carrier 











Stratolaunch: Hughes H-4 Spruce Goose 
Ps a t in the Wingspan: 97.5m (320.9ft) 
at 
With a wingspan greater 
than the length of a 
football field at 117 metres (385 
feet), the Stratolaunch carrier 
aircraft dwarfs not just aircraft 
of the past, but also the jets 
that can be found at airports 
Kole r NVM Dare Venalom ma plomecDeccnie 
aeroplane that will ever take to 
the skies. At around 6.7 metres 
(22 feet) longer than the 


Saturn V rockets that propelled 
NASA's Apollo Moon missions 















and Skylab space station yet S Pes 
less than half as long as the MTSE 
Hindenburg-class airships, the wie estan 
ee tae (ere Vice ean ON AV citcde ete} (261.6ft) 
at around 600,000 kilograms ~ Antonov An-225 Mriva 6 ; . 
(1,300,000 pounds) which Wingspan: 88.4m a eS nee ae 

~ includes the fully fuelled een OP) 
launch vehicle. —_ , 


The Stratolaunch carrier aircraft (main) will 
hold a Pegasus II launch vehicle, shown here 
to be nestled at the centre of the aircraft, which 
is designed to carry unmanned payloads and 
manned spacecraft into low Earth orbit 


© Adrian Mann 
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A fish-eye lens 
view of the 
Lunar Module 
belKayeCoymelelanatsd 
training for the 
Apollo 9 mission 


First used for the Gemini missions, the 
Rendezvous Docking Simulator was 
modified and used to build on docking 
techniques for the Apollo programme 











= 
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Inside the Apollo 
Lunar Module 


Take a look inside a lunar spacecraft, at the control systems that allowed 


astronauts to put successive Apollo missions onto the Moon 


Even though Apollo was in the 
Sixties, when microchips were a 
brand-new technology and the 
complicated gizmos of today were 
nothing but science fiction, the 
Lunar Module's controls took on a 
remarkably complicated appearance, 
with switches, buttons, knobs, lights 
and controls making up a crescent- 
shaped display in the cockpit. 

The main control was the DSKY; 
this enabled the crew to interface 
with the Apollo Guidance Computer, 
which controlled the navigation of 
the Lunar Module. This computer was 
the height of computing power in the 


late-Sixties with a 16-bit memory. The 
Command Module actually had two 
of these interfaces, while the Lunar 
Module that would land on the Moon 
had one and enabled overall control 
of each spacecraft. DSKY stood for 
‘Display and Keyboard’ and was often 
pronounced as ‘dis-key’. It looked 

like a glorified calculator. The Apollo 
astronauts would enter commands 
into the DSKY that were given as two 
digit numbers. One form of number 
were called ‘verbs’ and specified the 
type of command, while a ‘noun’ 
indicated which data was to be 
affected by the action. 


“Aldrin was able to jimmy the 
broken circuit breaker all the 
Way in with a pen” 
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The mission commander - on 
Apollo 11 this was Neil Armstrong 
- controlled the flight controls and 
engine throttle while the Lunar 
Module pilot, Buzz Aldrin, controlled 
spacecraft systems, informing the 
commander on the status of the 
Lunar Module as it descended to 
the Moon as well as navigational 
information. Vital to this latter part 
was the Alignment Optical Telescope, 
which was used to identify features 
on the lunar surface as the Lunar 
Module closed in on its landing site, 
which in the case of Apollo 11 was 
the Sea of Tranquility. The telescope 
also provided an independent 
confirmation of what the guidance 
(elo) nny OLULKa mae Co) i erom dame 

Not everything always worked 
smoothly, however. As Armstrong and 
Aldrin prepared to blast off from the 


Moon in the Lunar Module's ascent 
Stage, to rendezvous with Michael 
Collins in the Command Module, 

they found a significant problem. 

The switch for the circuit breaker 

that would allow the lunar guidance 
system to automatically ignite the 
ascent stage engines had broken when 
Aldrin accidentally bashed into it with 
his spacesuit backpack. Fortunately, 
Aldrin was able to jimmy the system 
by pushing the broken circuit breaker 
all the way in with a pen. 

Despite mostly being test pilots, the 
NASA astronauts of the Sixties still 
had much to learn about space flight 
and the control of the vehicles that 
would take them there. Manoeuvring 
a craft in the weightlessness of space 
is an entirely different proposition 
to flying a jet fighter through Earth's 
skies. To sharpen their skills and 
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become better acquainted with the 
vehicles that would take astronauts 
on their perilous journeys into 

orbit and to the Moon, an elaborate 
simulator was built. Initially used 

to train astronauts on the Gemini 
programme, the Rendezvous Docking 
Simulator (also known as the Real- 
Time Dynamic Simulator) was soon 
adapted for the Apollo crews training 
to go to the Moon. 

Based at NASA's Langley Research 
Center, the simulator mimicked the 
disorientating feeling of zero gravity 
by using a gimbal that could pitch 
and yaw along three axes, suspended 


The 


on eight cables. High above the chain 
dangled from an overhead crane that 
could move at six metres (20 feet) 
per second. Rather than having to 
battle against random movements 

in six degrees of freedom, astronauts 
in training could utilise the multi- 
directional simulator to adapt to 
working in three dimensions. 

The systems on the Lunar Module 
and the Command Module were both 
complicated and primitive. During 
training the Apollo astronauts would 
sit in pretend cockpits with working 
replicas of the computers, running 
through procedures and figuring out 


Inside the Apollo Lunar lander 
a 


AV nr-La Come COMP MU NTDRTS< iV conlam n'a ce)atee 
which they often did, by learning the 
error codes and the correct responses 
if a particular light showed. 

Most crucial for the 1969-1972 
Apollo missions was the Command 
Module being able to rendezvous 
and dock with the Lunar Module’s 
ascent stage, as it returned astronauts 
from the Moon's surface. Should the 
two fail to reconnect, the astronauts 
on the Lunar Module would likely 
become stranded in space. There 
was no margin for error and the 
Rendezvous Docking Simulator 
proved its worth when the six Apollo 


missions worked flawlessly to put 
men on the Moon. All the Apollo 
crews trained on the simulator and 
today it survives, hanging from the 


rafters of the Langley Research Center. 


Having been declared a National 
Historic Landmark, its continued 
existence has been guaranteed, 
although it is currently not in use. 
Despite the dangers, every mission 
that reached the Moon returned 
home, thanks to the astronauts’ 
intense training, knowledge and the 
remarkable success of the primitive 
computers used to guide a manned 
mission to the Moon and back. @ 





COOODPOOOOPOOOOOO® OO© 
® Broken Engine Circuit Breaker 
Used to arm the Ascent Propulsion System engine, the circuit 


control 


® Contact Lights 


The contact lights 
indicated to the module's 
crew that they were in 


~ Orbital Rate 

Display (out of shot) 
The ORD provided the 
correct signal to rotate the 
Flight Director Attitude 
Indicator (FDAI) at a rate 
that matched the orbital 
period. If the ORD was 
initialised correctly, 

the FDAI would display 
altitudes relative to the 
surface below. 


Attitude @ 
= Controllers 
The attitude 
' controllers 


maintained or 


changed the 
angle of the 
a 


spacecraft 
during a 
maneuver. 


Thrust Controller ® 
This joystick allowed the 
astronaut to control the 
forward, backward and 
sideways movement of 
the LM flew using the jets. 
It could also be used as 
a throttle to control the 
descent engine. 
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close proximity to the 
Moon's “surface” and 
that they should cut 
the Descent Propulsion 
System (DPS) engine. 


breaker's knob was broken off during Apollo 11's return. 


 ® Carbon Dioxide 
Partial Pressure 


This indicated the level of carbon 
dioxide. Apollo 13 experienced 
the explosion of an oxygen tank 
causing a multitude of failures and 
forcing the astronauts to use the 


LM as a lifeboat. 


® Utility Light Switch 
Assembly 
When a aied utility lights 
were used to supplement 
the cabin interior lighting 
and connect to the overhead 
utility light panel. Switches 
allowed astronauts control 
over light intensity. 


-e The Alignment Optical 
Telescope (AQT) 
Used by the astronauts for 
navigation while in the Apollo 
Lunar Module (LM), the AOT 
Was a periscope-type device 
that protruded through the 
top of the LM to make direct 


® Display and Keyboard 
(DSKY) Interface 
The DSKY interface for the 
Apollo Guidance Computer 
(AGC), which was the most 
essential piece of kit on the 
spacecraft, governed the 
control of the Command 
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All About Callisto 


All About... 


CALLISTO 


The ancient Jovian moon, blasted by a thousand meteorites and 
unchanged for billions of years, is only now giving up its secrets 
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When exploring the four Galilean moons, Io, Ganymede 

and Europa get a lot of interest because of their unique 
resonance, surface features, geologic activity and potential 
for extraterrestrial life due to the possible presence of water 
ice. In this sense, Callisto stands alone. It orbits further away 
from Jupiter, is most known for one type of surface feature, 
exhibits no sign of geologic activity, and even if it does have 


Mpa iace) eM o\anyer lala wa eereienr lal 


water ice there's comparitively little to get scientists excited. 
Callisto’s craters are what really set the moon apart - it has 
one of the largest known multi-ringed impact craters in the 
Solar System, which is roughly the diameter of the entire 
United States. And its lack of activity, as well as its distance 
from Jupiter (which means lower radiation), is a plus when 
considering the possibility of human exploration. 


oy | 





, All About Callisto 


Callisto inside 
and out 


Unique among its siblings, this Galilean moon is 
marked by cataclysmic events that can be traced 
across history to the dawn of the Solar System 


Callisto is believed to have a very simple geologic 
history. The moon is probably made up of equal parts 
rock and ice, including silicates, organic compounds, 
water ice and carbon dioxide. It's unlikely to have a 
fully differentiated core, rather, an interior that makes 
up most of the volume of the moon with a ratio of 
rock that increases as you move deeper into the 
interior, due to settling. 

The moon probably formed very slowly in the 
Jovian subnebula, spanning a range between O.1 and 
10 million years. This slow formation would cause the 
moon's rate of cooling to keep up with any heating 
that accumulated from impacts, contraction and 
other influences. Ganymede was much more strongly 
influenced by tidal heating, because it’s closer to 
Jupiter by about 800,000 kilometres (497,000 


Callisto's 
atmosphere 


Callisto was thought 
not to have an 
atmosphere at all until 
detected by the Galileo 
spacecraft. This carbon 
dioxide atmosphere 

is very thin, and low 
pressure. This causes 

it to disappear very 
quickly into space, 

so the atmosphere 
must be continually 
replenished by some 
mechanism. The 
current theory is that it 
is replenished by a slow 
sublimation of ice on 
laa tomclOn ere (@o 


® Atmosphere 
Callisto is believed to have a tenuous 
atmosphere of carbon dioxide. 
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miles). Callisto is also too far away to participate 

in resonance with the other three Galilean moons. 
There is the potential for either a liquid ocean or a 
softer icy layer under its hard crust, which may make 
it seem initially a good candidate for extraterrestrial 
life - but it’s not one otherwise. 

Callisto is tidally locked to Jupiter, with an orbital 
period of 16.7 days. It has a very slight eccentricity 
and inclination with respect to Jupiter's equator. 

Its surface differs from those of the other Galilean 





The hard surface could hide a liquid 
ocean or soft ice and rock interior 
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moons, because the leading hemisphere - the one 
permanently facing the planet - is much darker than 
the trailing one. This is the opposite of the other 
moons. Also, unlike the other moons, there is little 
evidence of tectonic or geologic activity. Rather, the 
moon has been almost completely shaped by impacts 
- Callisto appears to have taken a lot of damage 
during the late heavy bombardment period when 

a large number of asteroids struck the planets and 
moons in the Solar System. @ 


“This moon appears to have taken a 
lot of damage during the late heavy 
bombardment period" 


® Sublimation 
The atmosphere 
is replenished by 
sublimation of carbon 
dioxide ice in the crust. 





® Condensation 
Frost is warmed 
by condensation 
and accumulates. 


Escape © 
Carbon dioxide quickly 
escapes into space, to be 
replenished by sublimation. 
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Interior 
The interior of Callisto is believed 

to comprise a roughly equal mix of 
compressed ice and rock, and not 

fully differentiated. There could 
be a small silicate core 
at its centre. 
















Surface 
The surface of 

the moon is covered 
in craters, with lighter 
areas of icy deposits and 
darker areas of silicates 
and other rock. 


Magnetic field 

Callisto is believed to have a variable magnetic 
field, which likely changes with the variations 
in the amount of interaction the moon has 
with Jupiter's magnetosphere. 


Callisto’s rugged surface is pockmarked 
with craggy peaks and deep impact craters 
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Ocean layer 
There is evidence of a 
liquid ocean layer over 
10km (6mi) deep lying 


below the surface of the 


moon that may contain 
a small amount of 
ammonia. 


Ice 

layer 
Beneath 
the cratered 
surface, there is 
a stiff and icy layer 
estimated to be about 
200km (124mi) thick. 





All About Callisto 


By the 
numbers 






Callisto has this mean ternperature, 
likely because it experiences almost no 
tidal heating from Jupiter 


1O00km 


The moon is the only known body in the Solar 
System of greater than this diameter to have had no 
extensive resurfacing events since its formation 


OZ, 


Pioneer 10 
transmittedthe = =‘The moon's albedo, 
first images of Callisto Ss 
in this year which is brighter 
than our Moon 
despite Callisto's 
dark appearance 


Callisto is just a bit shy of being the 
same size as the planet Mercury, but it 
has Just a third of the planet's mass 


er 
. day 


The dose of radiation you'd get on 
the surface of Callisto, much lower 
than other Galilean moons due to 
its distance from Jupiter 





The approximate surface area of 
Callisto covered in smooth, dark 
plains rather than craters 


53 






All About Callisto 


On the surface 


Callisto boasts a gallery of amazing surface features, with a 
piece de résistance in the form of a mighty impact basin 


Callisto is known for having one of the most heavily while larger craters may have a central peak, a dome larger impacts, or from disrupted fragments of 
cratered surfaces of any body in the Solar System. or a central pit. Some of the largest are shallow in comets that initially impacted with Jupiter. There 
It's more degraded than any of the other Galilean UaToN@cI NORMAN SH CGS month M@nslo-TeMUs lV eCoROemeN Neen are also features that represent craters that are 
moons, and craters are by far the dominant surface to becoming multi-ringed specimens. almost gone. These include crater rims, knobs - 
feature - there are no volcanoes or huge mountains, The multi-ringed craters are among the largest degraded remnants of crater rims - and pits. As the 
for example. The moon is so covered in these craters in the Solar System. At their centre are surface ice sublimates, or transitions to gas, the 
impacts that every new crater converges with a palimpsests, ancient circular craters with edges that remaining deposits can cause landslides along the 
preexisting one in some way. But ‘new’ is relative; have slowly disappeared as the moon's icy surface outer rims of the craters. 
the oldest craters probably occurred not that long has taken over, and they may be surrounded by The lightest areas on Callisto are on elevated areas 
after the formation of the moon itself, as far back ridges, grooves, troughs and scarps. The concentric such as ridges and crater rims, while the darker 
as 4 billion years ago during the early Solar System. rings around these craters probably formed post- material may be the result of cryovolcanic deposits 
Callisto isn’t thought to have had any resurfacing impact, resulting from fracturing of the surface and is located in smooth, lower-lying areas such as 
events since these impacts, which is unusual. due to a soft ice or liquid ocean layer underneath. in the centre of craters. There are smooth, bright 
While at first glance Callisto appears to be just The other dominant type of craters are the catenae areas on the moon as well, but they make up a very 
an ancient, dead and pock-marked world, there’s - chains of impact craters stretching across the small fraction of the surface and may be found in 
actually a lot of variation on its surface. The vast surface. These could be secondary craters from some of the ridges surrounding craters. @ 


majority of the moon is covered by light, cratered 


plains, and their brightness probably comes from icy “Callisto dpp StS to aya dahl ancient world 


deposits left by the impacts. 


Calo Amaalomciaatcl omen CcM@re-lec ames omer lace meee covered aa Grits but there’s PGR Orda RNs 


Small craters that are less than five kilometres (three 


miles) in diameter tend to be flat or bowl-shaped, | lot of Variation On es “bbe lesw 










el 


® Caloris (Mercury) 









ect elas 
comparison as e Rass cone Tesencicein) 
Tomek Gusti) (South Africa) 
Callisto’s Valhalla is one 300km (186mi) 


of the largest known 

Ue e eG Mee-lca ecw ha ma alS 

Solar System. While it ® Valhalla 

has an overall diameter 4,000km (2,485mi) 
of approximately 
4,000km (2,485mi), the 
crater is actually made 
up of multiple rings. The 
centre of the crater is 
bright and about 600km 
(370mi) in diameter, 

and is known as a 

oe Vibe osarsi msl Due Ke)uneLenD BTS 
it are concentric rings 
consisting of troughs 
and scarps, or steep 
slopes. Valhalla likely 
oletee Tem slaa ie: mpl brex= 
impact that broke 
through the icy surface = 
and disturbed the softer 

material - perhaps liquid 

water - underneath. It is 

estimated to be between 


2 and 4 billion years old. a) Hellas Basin (Mars) 
2,100km (1,304mi) 







® South Pole-Aitken 
Basin (The Moon) 
2,500km (1,553mi) 





PANE AV eee RVC | 
1,800km (1,118mi) Mare Imbrium 
(The Moon) 


1,130km (7O2mi) 
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1. Asgard 

Asgard is the second-largest multi-ringed impact crater on 
Callisto, at 1,700km (1,056mi) in diameter. 

2. Valhalla 

This is the largest crater on Callisto at approximately 
4,000km (2,485mi) in diameter. It was first spotted by 
the Voyager probes. 

3. Gomul Catena 

This crater chain likely formed from east to west, and 
could have come from fragmentation of something that 
impacted the moon. 

Cea 

Lofn is a comparatively young crater on Callisto, and was 
observed in 1997 by Galileo. It has an unusually flat floor. 
5. Utgard 

Utgard is the fourth-largest multi-ringed impact crater 
found on the moon. 

6. Burr 

This young crater overlaps with the larger crater Utgard. 
ye 

At about 1,000km (621mi) in diameter, Adlinda is the 
third-largest multi-ringed impact crater on Callisto and is 
located in the southern hemisphere. 
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All About Callisto 


Exploring 


Callisto 


This moon has recently become a 
much more interesting place to study 


Callisto was discovered along with 
the other Galilean moons in 1610, 
but we didn't know a great deal 
about the moon until we were able 
to send spacecraft to the Jovian 
system. Observation with land-based 
telescopes revealed Callisto to be 
dark and featureless in comparison 
to its neighbours Io and Ganymede. 
Then once we began exploring space, 
Callisto wasn't a high priority. While 
Jupiter and its moons were visited by 
Pioneer 10 and 11, they didn't reveal 
a lot of interesting information about 
Callisto. Measurements taken by 
Pioneer 11 did give us a better idea of 
the moon's mass, however. 

It wasn't until the Voyager 1 and 
2 probes reached the system in 1979 


that we really discovered the details of 


Callisto - its heavily cratered surface, 
temperature and density. They also 
mapped more than half of the moon's 


surface. The Galileo spacecraft's 
instruments were able to give us some 
significant details about Callisto's 
surface in the late-Nineties and early- 
2000s, as it had several separate close 
encounters with the moon. Galileo 
sent back the highest-resolution 
images to date - some of them as high 
as 15 metres (49 feet) per pixel. Hi-res 
images and infrared spectra also came 
from Cassini and New Horizons’ visits 
during the last few years. In 2008, 
NASA and ESA began exploring the 
possibility of a joint mission to the 
outer Solar System, including visits to 
Jupiter's moons. Dubbed the Europa 
Jupiter System Mission - Laplace, it 
had a planned launch of 2020. After 
changes in NASA's budget, the ESA 
moved forward with its own mission 
to the Jovian system. JUICE - the 
JUpiter ICy moons Explorer - has a 
proposed launch date of 2022. @ 


“The Galileo spacecraft sent 


back the highest-resolution 


images of 
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allisto to date” 


NASA's proposed mission to Callisto, 
HOPE, has a launch date of 2045 


Cassini snaps Callisto (bottom 
left) orbiting Jupiter along with 
Europa (Seen against Jupiter) 








Callisto’'s first close-up, 
as taken by Voyager 1 





HOPE for Callisto 


NASA targeted Callisto for a 
concept called HOPE (Human 
Outer Planets Exploration), 
designed to study the future of 
human exploration in the Solar 
System. Published in 2003 by 
members of the NASA Academy 
- NASA’s leadership training 
programme - HOPE outlines 

the specifics for a hypothetical 
crew mission to Callisto that 
would include building a base 
on the surface. This base could 
also serve as a refuelling and 
servicing station for spacecraft 
travelling further out to the Solar 


System, and these spacecraft 
can also use Jupiter for a gravity 
assist. HOPE includes mission 
requirements and potential 
spacecraft designs. It proposes 

a launch in 2045 at the earliest, 
and assumes that there will be 
a spacecraft capable of getting 

a six-person crew to Callisto 

in a time span of five years as 
well as the means to support a 
three-person crew on the surface 
for 30 days. Three of the crew 
would stay on the moon to 
construct a surface habitat and 
perform science tasks. 
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Voyager 
i 


Name: Voyager 1 and 2 
Launch: 5 September 1977/ — 

Serica yy ) 

Insertion/flyby: 

5 March 1979/9 July 1979 

Launch vehicle: 

Titan III/Centaur 

Flyby targets: 

Jupiter and Saturn 

Mission: duration: 

36 years and counting 





Voyager 1 and 2 were 
launched specifically to 
study Jupiter and Saturn, as 
VIR TSM a oLn Mec IU cicm ble) 0 81 
spacecraft greatly increased 
our understanding of Callisto 
and the other Galilean 
moons. They mapped the 
moon's surface, revealing 
craters, and provided 

Bb inecwrcestonirs of its mass, 
shape and temperature. 
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Name: Galileo é 
Launch: 18 October 1989 
Insertion/flyby: 1995 

A TYa cs) Case 

Space Shuttle Atlantis 
Flyby targets: 

Venus, Earth, Jupiter 
VOCS Cer mel tela (oy Heed 


Galileo's main mission 

was to explore Jupiter 

and its moons while also 
getting Pravitational assist 
flybys from Venus and 
Earth. It became the first 
spacecraft to orbit Jupiter, 
and also revealed important 
information about the 
moons. For Callisto, Galileo 
obtained evidence that 

the moon likely has a 
small silicate core, a liquid 
SE Miaielkol me lecr-b emt ele mr: md ennel 
layer of atmosphere, or 
exosphere: It came within 
138km (86mi) of the moon. 








ie 
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or Ty 


. = - n 
Name: Cassini-Huygens ~ 








Launch: 15 October 1997 : 
Insertion/flyby: Name: New Horizons 

30 December 2000 Launch: 19 January 2006 
Launch vehicle: hityaa Ce ypa ney A 

Titan IV « : 28 February 2007 

Bae eo ee Launch vehicle: Atlas V 551 
Earth, Venus, Jupiter, Saturn Flyby targets: 


Mission duration: 20 years Asteroid 132524 APL, Jupiter, 
Pluto and its moons 


Os CROe ISN) oe Qcebie et : 
Mission duration: ~20 years 


has been in the Saturnian 
system since 2004, and . 

its main objective is to 
study that planet and 

HLESw BV EUBNTKeLUSwOCIAEI ET 

SPI Kcd DI Co MAN COS Mase LYA 

id aloms) pec re IAm RQ AYE 
gravitational assist flybys 
from Venus and Earth, and 
also performed a flyby of 
Bibl oyicover- bale Memo Iie) Corse 
Cassini sent back numerous 
high-quality infrared images 
of the Galilean moons, 
including Callisto. 


New Horizons is on its way 
to becoming the first craft to 
study Pluto and its moons, 
and should arrive in 2015. 
* On the way, it has used 
O10) Itc) as oy mea haa SITS E 
Vale moe=1a lcs cere mae lcoener-leleya! 
on the planet and Galilean 
moons. While this meant 
that it passed millions of 
kilometres from Callisto, 
it used its Long Range 
Reconnaissance Imager 
(LORRI) to capture images. 
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JUICE — 


Name: JUpiter ICy moons 
Explorer (JUICE) 

Launch: 2022 
Insertion/flyby: 2030 
Launch vehicle: Ariane 5 
Flyby targets: Jupiter, 


Ganymede, Callisto, Europa 
Mission duration: 7.6 years 


cruising; 3.5 years in the 
Jovian system 


While the JUpiter ICy 
moons Explorer's main 
mission is to study the 
largest moon in the Solar 
S\VSCCINU MM ece DANIAN Boe (ORBLE 

is also planned that the 
spacecraft will explore 
Europa and Callisto and be 


able to compare these three 


moons. The focus will be 
O)nMSAUCe A aberomdelmneIKcIaarT| 


liquid ocean and icy crust as 
well as mapping the surface 


features and learning more 
about its interior. 
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Voyager — 
|: Into the 
interstellar 
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With Voyager 1 now officially bearing the mantle of humanity's first interstellar 
explorer, we speak to the man who made the groundbreaking discovery 


Interviewed by Jonathan O'Callaghan 





Bill Kurth | 

Bill Kurth has been 
involved with the Voyager 
programme since 1975. He 
is now the plasma wave 
co-investigator on the 
programme and, along 
with his colleague Don 
Gurnett, he was the first 
to realise that data from 
Voyager 1 was indicating 
that the spacecraft was 
now in interstellar space, 
which was announced by 
NASA on 12 September 
2013 once the discovery 
had been confirmed. 
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What is your role on the Voyager programme? 

I'm aco-investigator on the Voyager plasma wave 
instrument. I'm a research scientist here at the University 
of Iowa, and I actually started working on Voyager while I 
Was a graduate student here at Iowa [in 1975]. I presented 
my PhD thesis on an unrelated programme a month 
before Voyager 1 arrived at Jupiter and I kind of begged 
my advisor to allow me to stick around and see what 
Voyager found out and I'm still here. 


Were you involved in planning the mission into 
the outer regions of the Solar System? 

Actually there isn't a lot of planning for that. The 
spacecraft is on a trajectory that is not going to change, 
and we don't have a whole lot of flexibility in the way our 
instrument operates. We record at a high telemetry rate 
of about 115 kilobits per second, but the max data rate 
from the spacecraft is just 1,400 bits per second. That 
requires a’7O-metre plus a 34-metre [antenna] station to 
get a strong enough signal to enable that, so we acquire 
about 48 seconds of data of this nature two or three 
times a week and then we play back the data every six 
months or so. 


Were you the first person to realise Voyager 1 was 
in the interstellar medium? 

There were those on the CRS [Cosmic Ray Subsystem] 
and LECP [Low-Energy Charged Particle Detector] teams 
that had indications as early as August 2012 that they 
had crossed a boundary that could be the heliopause. 
However, their papers concluded that because the 
magnetic field had not rotated at that time, they could 
not say this was the heliopause. My colleague Don 
Gurnett and I both concluded virtually immediately 
upon seeing the PWS [Plasma Wave Science] data 

from April 2013 that we must be in the high-density 
interstellar plasma. And, since Iam the one who regularly 
processes the plasma wave data, yes, I guess I was the 
one who saw the data first and concluded that we must 
be in interstellar space. 


How can we be certain that Voyager 1 is in 
interstellar space? 

Basically by the fact that we have now measured for 

two intervals of time, in October-November 2012 and 
April-May 2013, a type of plasma wave that we call 
electron plasma oscillations. These occur at a frequency 
that’s very directly related to the number of electrons 
per unit volume where they're generated, and we can 
measure those frequencies very accurately and thereby 
understand the density of the plasma. And the plasma 
density we measured in those two time periods is on the 
order of 50 to 100 times greater than the plasma density 
that is currently being measured in the outer heliosphere 
by the Voyager 2 plasma instrument. Probably the first 
paper I'm aware of that talked about this boundary 
between solar wind and interstellar plasma talked about 
an increase in the density going from a very hot tenuous 
gas inside what we call the heliosphere to a much 

cooler and denser plasma in interstellar space and the 
interstellar medium. And so now that we've recorded 
these very high densities relative to the outer portion 

of the heliosphere, that's our indication that we have 
crossed the boundary. 


When did Voyager 1 pass this boundary? 

We think that the boundary was crossed perhaps five 
times in the late summer of 2012, and the indications 
of crossing the boundary at the time had to do with 
increases in the number of galactic cosmic rays that 
Voyager 1 was detecting and abrupt changes in the 
energetic particles that are generated within the solar 
wind. And finally on 25 August 2012 those solar wind 
particles disappeared and to my knowledge have not 
reappeared [since]. 


How did you know you'd made the discovery? 
It was a long process to come to that conclusion. When 
I first saw the evidence for these plasma oscillations I 
knew immediately what we were seeing. These were 
plasma oscillations that we had expected to see on the 
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This image from 1986 shows the Voyager PWS 
team from left to right: Don Gurnett, Bill Kurth 
and Steve Remington 


basis of these radio emissions that we'd been detecting 
for 30 years. They were at the frequency we expected 
and they had temporal variability we expected. I showed 
them to my colleague Don Gurnett and he immediately 
came to exactly the same conclusion. There was no 
doubt in our minds that we'd crossed this boundary [into 
interstellar space], and it was just on the basis of the fact 
that we'd detected these plasma oscillations that told us 
What the plasma density was and that it was 50 or 100 
times higher than what was being measured in the outer 
portion of the heliosphere. 


What discoveries by the Voyager spacecraft have 
most surprised you? 

The Voyager programme has been nothing but surprises 
going all the way back to the Jupiter encounter. I think 
the discovery that stands out most prominently in 

my mind and probably a lot of other scientists’ is the 
discovery that this little moon Io that Galileo discovered 
turns out to be the most volcanically active body in the 
Solar System. And throughout the voyage past Jupiter, 
Saturn, Uranus and Neptune everything it looked at was 
providing us information and higher resolutions than 
was possible from Earth-based telescopes and basically 
opened our eyes to what the outer planets and their 
moons were all about. Beyond the planetary portion of 
the mission the exploration of the outer regions of the 
solar wind and the crossing of this heliopause have also 
been surprising. The heliopause was thought to be at a 
distance of 5 AU around the orbit of Jupiter, but it ended 
up being beyond 121 AU so the Solar System is much 
larger than we thought. So I think there have been an 
awful lot of surprises simply because our imagination 
doesn't allow us to explore all the possibilities and in 
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Voyager 1 and 2 carry a Golden Record. 


which contains information about Earth 


| 
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. 7, ry, 
» Voyager 1 launched on 5 September 1977. 


1 encountered Saturn in November 
1980 on.its way to the outer Solar System 





“When I first saw the evidence for these 
plasma oscillations I knew immediately 
What we were seeing" 


most cases reality was much more interesting and 
complex than the simple-minded models we had going 
into the various phases of the Voyager mission. 


Will Voyager 1 ever leave the Solar System? 

This term the Solar System has been either 
misunderstood or it’s defined in different ways 
depending upon how people use it. I believe when the 
Pioneer 10 and 11 spacecraft passed the orbits of Neptune 
and Pluto it was said that they had left the Solar System 
using the definition that when youve beyond the planets 
then you've left the Solar System, but I think a more 
accurate definition of the Solar System includes the Oort 
cloud. This is this cloud of comets that is gravitationally 
bound to the Sun, and that could extend out to probably 
100,000 AU, 1,000 times further from the Sun than 
Voyager 1 is now. Eventually Voyager 1 will pass through 
the Oort cloud and out the other side, and I think then 
one could say it’s left the Solar System, but that won't 
happen for another 30,000 years or so, and we certainly 
won't be receiving signals from it when that happens. 


How long will Voyager 1 last? 

Everything right now is limited by power supplies on 
Voyager 1. We use these radioisotope thermoelectric 
generators, which is basically plutonium that's decaying 
and generating heat and that heat is converted into 


electricity with what's called a thermopile, and because 
plutonium has a fixed half life the amount of plutonium 
that's left to degrade over time decreases and right now 
were losing about four watts per year just through 

that process. So by 2020 there will be insufficient 
power to run all the spacecraft's systems, plus the 

five instruments that are currently returning data on 
both spacecraft, and we'll have to go into some kind of 
power-sharing mode which will take us out to about 
2025, and the estimates are that by 2025 we won't have 
enough power to run any of the science instruments. 
However, in principle one could still receive 
engineering data from the spacecraft for probably 
another ten years before there would be insufficient 
power to run the transmitters. 


What can we expect from the Voyager 
programme in the future? 

Well first of all it'll be very important I think to 
Watch Voyager 2 as it crosses the heliopause along 
its trajectory. We don't know exactly when that'll 
happen [estimates suggest 2016], but the Voyager 2 
plasma instrument is operational so we'll be excited 
to see whether this rapid increase in density that 


Se) 
evidently occurred on Voyager 1 that we weren't able = 
to see happened. It'll be interesting tosee the plaama 
measurements from Voyager 2 as it crosses. @ 3 
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Light echoes ee 
: In November 2005 the 
Hubble Space Telescope 
. captured this view of the 
, light echo around the star 
V838 Monocerotis 
- How thisebizarre event can appear tg travel — ie 
SPeICclmeeclOMeRlcuelcOme)miciale ee 5 eS ee ee 
ao geek on Bes 
r Pa Se one: 
sf * ya ‘ www.spaceanswers.com 





In January 2002, astronomers were 
left dumbfounded when a seemingly 
nondescript red supergiant star 
20,000 light years away from us 
‘suddenly erupted in a burst.of light. 
For several months V838 Monocerotis 


_* became 600,000 times brighter than 
~ the Sun, the brightest star in the 


Milky Way, before fading as quickly as 
it had brightened. 

The outburst itself is poorly 
understood. It is believed to have 
been something similar to a nova, 
when a star experiences a massive 
explosion and sheds some of its 
outer layers. This, on the other hand, 
appears to have been a rather unique 
explosion as no dust was thrown off 
from the star. 

But the truly unusual thing about 
this burst of light was not the cause 
of the explosion but rather what the 
light illuminated. Several months 
after the light from the nova-like 
event reached Earth, astronomers 
noticed that the explosion was 
lighting up dust that had previously 
been expelled by the star. 


The envelope of dust surrounding 7 


V838 Monocerotis was revealed’in 

a series of images returned by the 
Hubble Space Telescope from May to 
December 2002. The dust:was not 
illuminated. all at once, but instead 


the expanding burst of light ‘echoed’ 
off the various regions, returning new 
views of this dust with every. picture 
Oneal ee 

The effect is known as.a light 
echo. When light from a bright event 
like the one that-occurred at V838 
Monocerotis echoes off interstellar 
dust. It’s comparable to taking a flash 
photograph of the interior of a cavern. 
As the light from the flash moves 
outwards it lights up various areas of 
the cavern, in much the same way 
this-star lit up surrounding dust. 

The amount of light given off has 
allowed astronomers to map this 
cloud of dust in remarkable detail. 
Like a sound echo bumping off walls, 
the light continued to bounce off 
the dust until it reached the Earth, 
providing us with a unique insight 
into its structure. 

Light echoes like this are rare in 
the universe, or at least we haven't 
observed many of them. They are 
very useful, though, most notably for 
the aforementioned mapping effect of 
allobtalseoyi GLU Malye lene learan sien 
them an unusual trait, in that the 
echo can appear to be moving at a 
superluminal speed, or faster than the 
speed of light. oe L. 

This geometric illusion occurs 

‘when.the dust appears to be 


“The unusual thing about - 
this burst of light wasn't the 
cause of the explosion, but 
what it illuminated” 


20 May 2002 
In May 2002 the star V838 
Monocerotis experienced a nova-like 


event that sent light out into previously 


expelled dust, as observed by the 
Hubble Space Telescope. 
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2 September 2002 

The light reflected off the dust back 

to Earth at an expanding rate, known 
as a light echo, and gave us a unique 
view of the dust surrounding the star 
V838 Monocerotis. 
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illuminated before the light from the 
initial explosion should have reached 
it. For this echo specifically, the outer 
edge of the surrounding dust is five . 
light years from the star, but the 
visible structure of dust-seemed to 


SOB weiacee eee acts 
in less than a year’s time. As-‘the echo. 


reached Earth, it appeared that the 
dust lit up before the light from the 
Slams LOLUN GM SEA ome Ne BRU cVOR 

The cause of the illusion is that 
the plane of the dust is not flat as it 
appears in the image, but it is instead 
protruding out towards us. The dust 
ioe @LMOre IIMA De ake) nimO mM elomcle-Tan Valen 
respect to Earth. So the light isn't 


28 October 2002 

The light illuminated dust trillions 

of kilometres from the star, but it 
propagated out from the star towards 
the Earth, giving the illusion of faster- 
than-light travel. 


Light echoes 


Launched in 1990, 
NASA's Hubble Space 
Telescope has helped 

us to understand 
light echoes 





travelling three light years in one 
(ce TMM GDnATeMm LEN HELGA VAN am LUIiapententa lela 
towards us and réflecting.off the light 


"as it does so, giving the illusion that 


the dust is being lit up faster than the 
See RO er nae +s "Mls 

As we continue to observe the 
universe, it is hoped that we will 
observe more fascinating phenomena 
like this. Light echoes are a useful | 
tool for not only understanding the 
structure and behaviour of stars, but 
also for observing their effects on 
surrounding space. For now, the star 
V838 Monocerotis serves as one -.of 
the best examples we've ever seen of 
PMielmcenom | 





17 December 2002 

By mid December the light had 
illuminated the surrounding dust to 
such a size that it provided scientists 
with a fantastic view of the material 
around V838 Monocerotis. 
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oR (o-1nO) MER on ISS 


years 
of the 


As the most expensive and ambitious structure ever assembled, the 
International Space Station has been an unequivocal success in its continuing 
mission to impart a wealth of knowledge upon all humankind 


Fifteen years ago on 20 November 1998, a 
Russian Proton rocket lifted off from the Baikonur 
Cosmodrome in Kazakhstan. Its payload was a 
single module called Zarya (Sunrise), funded by the 
US and built by Russia, that would serve as the first 
component of a global venture the likes of which 
had never been seen before. 

Just over two weeks later, on 6 December 
1998, Space Shuttle Endeavour - flying on the 
STS-88 mission - took the US-built Unity module 
into space and berthed it with Zarya. With the 
connection of these two inaugural modules, 
construction on the International Space Station 
(ISS) had begun. 

The ISS is perhaps the greatest example of what 


can be achieved through international co-operation. 


With a cost estimated at around $100 billion (£63 
billion) - the most expensive man-made structure 
ever assembled - the logistics and planning of 
building and operating a space station of this size 
have been stupendous. Today, many members of 
the public take the ISS for granted, with astronauts 
and cargo regularly making their way to and from 
the station 420 kilometres (260 miles) above the 
Earth seemingly with ease, but the construction 
and operation of this technological marvel have 
been anything but easy. 
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Written by Jonathan O'Callaghan 


“We've learned a lot since that first module,” 
says John Shannon, the ISS programme manager 
for Boeing. He was the launch flight controller 
for NASA when Endeavour undertook that fateful 
mission in 1998. Having worked at NASA for 
25 years before joining Boeing earlier this year, 
Shannon oversaw the development and growth of 
the ISS into the marvel we know it to be today. 

“T think the really tough part to me of learning 
how to build this enormous structure in space 
was that it had to be a viable spacecraft the whole 
time,” says Shannon. “It wasn’t just like a ship 
you can build in dry dock and launch when it’s all 
finished up; we had to really think through how all 
the systems would work as we were building it out 
in the most hazardous environment that people 
can operate in.” 

Building the ISS has not only been a technical 
challenge, but a political and logistical one as 


well. The station was borne out of the cancelled 
American Space Station Freedom and Russian Mir-2 
programmes, with those two projects merging, 
along with commitments from other international 
partners including Japan and Europe, into the 
Space station in operation today. 

Space Station Freedom was first proposed in the 
early Eighties, but cost overruns and budget cuts 
saw the programme continually delayed. In June 
1993, a crucial vote in the House of Representatives 
Saw an attempt to scrap the programme fail by 
a one-vote margin (215-216). Had the programme 
been abandoned, it is likely the ISS as we know 
it would not have been built, as many of the 
components from Freedom have been incorporated 
into its design. 

Another pivotal moment in the development 
of the ISS was the decision by the Clinton 
administration in September 1993 to partner with 


“Now we're really into the utilisation 


and we're starting to see this eye- 
watering breadth of activity” 


John Shannon 
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15 years of the ISS 


Russia in the station’s construction. 
NASA was finding the prospect of 
building a station of the scope and 
size of the International Space Station 
to be a daunting prospect, both 
financially and technically. Russia's 
involvement would prove vital; they 
could supply several of the modules 
needed for a fully operating station, 
as well as the Soyuz and Progress 
spacecraft needed to take crew and 
cargo into orbit. 

"That was a very difficult and 
intense time, to see how the two 
primary countries [the US and Russia] 
could work together with the other 
[international] partners to build the 
station,” explains Shannon. “But once 
we launched the first elements in 1998 
we had a really good idea of what the 
overall plan was going to be.” 

The plan for the ISS was ambitious, 
to say the least. While it was preceded 
by a number of space stations, namely 
America’s Skylab and Russia’s Mir and 
Salyut stations, none of those could 
compare in size and complexity to the 
ISS. Here was a station that would be 
as big as an American football field 
upon its completion and weigh more 
than 320 cars on Earth, while also 
providing a habitable environment in 
which astronauts could live. 

Soyuz spacecraft could take crews 
to the ISS, but it was the Space Shuttle 
that would be the key to building it; 
the robotic arm on board the Space 
Shuttle was needed to berth various 
modules together. However, the 
Space Shuttle Columbia disaster on 
1 February 2003 led to the station's 
construction being put on hold while 
the Space Shuttle programme was 
grounded for two and a half years due 
to safety concerns. 

Aside from that period, construction 
of the ISS has continued unabated 
to the point that many now regard 
the station to be complete and fully 
operational, although some further 
modules are planned. The ISS has 
now been continuously manned for 
a record of over 4,600 days since 2 
November 2000 when Expedition 
1 began, the first long-duration crew 
to reside on the ISS, surpassing the 
previous record of almost ten years 
(3,634 days) held by Mir. 

“The building was the first big 
thing,” explains Shannon, “and now 
were really into the utilisation and 
were starting to see this eye-watering 
breadth of activity.” Since its inception 
the ISS has had numerous goals, but 
it has focused around three main 
areas. The first is research that could 
improve life on Earth. Hundreds 
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1. This photo from STS-88 in 
December 1998 shows the ISS in 
its infancy with just the Zarya and 
Unity modules assembled. 
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man crew of Expedition 1 on 2 
November 2000 began a period of 
uninterrupted human occupation of 
the ISS that continues to this day. 


3. Expedition 20, which docked on 
29 May 2009, marked the first time 
a six-person crew had inhabited the 
space station. 


4. Canadarm2, seen here with 
astronaut Stephen Robinson in 
August 2005, has played a key role 
in the assembly and maintenance 
of the ISS since it was attached in 
April 2001. 


5. The Cupola module opened 

its shutters on 17 February 2010, 
affording ISS crewmembers 
gorgeous vistas of Earth and space. 


6. The ISS, seen here in March 
2011, is now effectively complete, 
although there are plans to install 
new modules and components in 
dn om Uae ley 
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the Zarya module was 
the hub of the station early 
its lifetime, providing po 
communications among ot 





things, but is now used mostly 
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® Thermal radiators 
Large radiators are used to 
dissipate heat away from the 
ISS that is generated during the 


Se) Fairey collection of sunlight on the 


The huge solar array of UE 
the ISS uses solar cells 

to convert sunlight to 

electricity and provide 

power for the station. 
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This European-built research 
laboratory supports scientific 
and technological research in 

a microgravity environment, 
including things such as fluid 
physics and materials science. 


ee 


An interesting addition 

to the station would 
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Accommodations Module 
(CAM), providing artificial 


AeA e) ms 8\=1e lene Le Sia | 
it was cancelled in 2005. This laboratory module 








is the primary research 8 Kibo G& 
module for the US, The most spacious module 
with a wide range of on the station is Japan's Kibo 
experiments on board experiment module, where 
the bus-sized module. up to four astronauts can 
® Space Shuttle == Sao la er 
PMs a wiema OM Olax ® Harmony 2 BW ee 
in operation, the Space Often called the ‘utility hub’ 
Shuttle was integral in the of the ISS, Harmony (or Node 
construction of the ISS. 2) has six ports and links 
Columbus, Kibo and several 
docking ports. 
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Zvezda ~~ 


The Zvezda module is © 


NAY 

Zvezda serves as the 
docking port for ESA's 
cargo spacecraft, the 
Automated Transfer 
Vehicle (ATV). 
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sO eMO he lnem eel 
segments of the station 
are connected by the 
six ports of Unity, or 
Node 1, the first US-built 
element of the ISS. The 
international crew will 
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‘It’s the greatest technological 
achievement that humans 
have gotten to at this point” 


Tom Marshburn 


of experiments are running on the 
ISS at any one time, and many of 
these have direct connotations for 
counterparts on Earth. This includes 
medical research, physical sciences, 
curing diseases and developing new 
materials. Through this goal alone the 
ISS has more than proved its worth. 

The ISS has also been hugely 
important in terms of the future of 
space exploration. “With the Shuttle 
we were limited to two weeks [in 
space],” says Shannon. “[On the ISS] 
we've seen physiological changes in 
bones and eyes, pressure on your 
spinal cord, and a lot of different 
things that we never would have 
known if we were just doing two-week 
flights on the Shuttle. If we would 
have set off to go to an asteroid or 
Mars for months-long missions they 
could have debilitated the crew such 
that they couldn't have accomplished 
their mission, or they could have 
come to great harm, so the ISS is this 
wonderful safe test bed where you can 
experiment on crews so that when we 
do go beyond low Earth orbit we can 
do so much more safely.” 

The third key use of the ISS is 
to serve as a destination for a new 
generation of spacecraft designed 
by both national and private space 
agencies. Throughout its lifetime it has 
welcomed the Space Shuttle, Russia's 
Soyuz and Progress, the Japanese HTV 
(H-II Transfer Vehicle), the European 
ATV (Automated Transfer Vehicle) 
and, most recently, SpaceX’s Dragon 
capsule. The newest visitor is set to be 
the Cygnus spacecraft, built by Orbital 
Sciences, which is competing with 
SpaceX for commercial cargo contracts 
from NASA. And the visitors don't 
stop there; in the future Boeing aims 
to send its manned CST-100 capsule 
to the station, while Sierra Nevada 
Corporation wants its Dream Chaser 
spaceplane to dock with the ISS. 

Life on the station “is spectacular, in 
a word,” according to NASA astronaut 
Tom Marshburn, who was part of the 
Expedition 34/35 crew that included 
Canadian astronaut Chris Hadfield 
and stayed aboard the ISS from 21 
December 2012 to 13 May 2013. For 
those astronauts that live aboard the 
ISS, the constantly visiting spacecraft 


are just one aspect of the exciting 
jobs they enjoy. “I don't think it's 
overstating it to say it's the greatest 
technological achievement that 
humans have gotten to at this point,” 
Marshburn tells All About Space. 

For Marshburn life on the ISS 
was both “exhausting and exciting,” 
with their intense mission schedules 
countered with their ability to 
see gorgeous views of the Earth 
from a vantage point enjoyed only 
by a few hundred people. “I was 
constantly astounded by what human 
beings from around the world had 
accomplished,” said Marshburn. “It 
really hits you when you get there and 
when you think of almost two acres of 
technology going 28,000 kilometres 
(17500 miles) per hour and we're 
living in the middle of it. It's just a 
dream come true in a lot of ways.” 

On board the ISS the astronauts 
have a lot of work to do. Although 
the station experiences a sunrise 
and sunset every 90 minutes as it 
orbits the Earth, the astronauts still 
structure their days like they would on 
Earth. They operate on GMT, waking 
in the morning before completing 
tasks throughout the day. These can 
range from station maintenance and 
experiments to, on rare occasions, 
extravehicular activities (EVAs, or 
spacewalks) outside the station. They 
are afforded some ‘downtime’ to 
relax, which many astronauts like to 
make use of by heading to the Cupola 
module and staring at the Earth or 
taking pictures, before heading to 
bed at night in their telephone booth- 
sized private quarters. Every day they 
must also do two and a half hours of 
exercise to ensure their body survives 
the adverse effects of living in a 
microgravity environment, such as the 
decreased bone mass that can occur. 

The International Space Station 
itself is big, with a typical size estimate 
comparing it to an elongated five- 
bedroom house, so when astronauts 
first arrive at the station it can feel 
like a bit of a maze. “You're like a deer 
in the headlights, definitely on your 
first day,” explains Marshburn. “After 
the third or fourth month, that's when 
you realise youTe a part of the station, 
that it's almost another crewmember. 


15 years of the ISS 





You know its intricacies, its sounds, 
and the certain feel it has about it. It 
develops a personality.” 

Despite the incredible complexity of 
the station, Marshburn says that the 
most difficult things to do in space 
are things we take for granted here 
on Earth. “The easy things down here 
are the most difficult things up there,” 
he says. For example, “you'll lose any 
little thing you put down that you 
haven't already figured out a way to 
restrain. One thing you figure out in 
space is that if you're only going to put 
something down for just a moment 
you can float it, just let go of it, and 
come back ten seconds later and it'll 
still be there." 

These simple quirks of spaceflight 
as well as grand experiments like the 
Alpha Magnetic Spectrometer, which 
is hunting for signs of dark matter, 
are a testament to just how much 
the ISS has benefitted mankind, and 
there's still much to learn. While 
the operating lifetime of the ISS is 
currently under discussion, with the 
preference being to keep the station 
running until 2028, those involved 
with the space station are anxious 
to keep it going as long as possible. 
Ultimately there will come a time 
when we no longer have the means or 
will to maintain the station, but until 
then there is plenty more to do. 

“Fifteen years from now we'll be 
thinking about [de-orbiting the ISS],” 
says Shannon. By then, our knowledge 
of space exploration will be such 
that we can safely and effectively 
expand our sphere of influence in 
Space, and we will have performed 
groundbreaking science along the 
way in experiments that couldn't be 
replicated on Earth. 

When the time eventually comes to 
bring the curtain down on mankind's 
greatest endeavour yet, we will have 
kept a continuous presence in space 
for almost three decades. By that 
time, we will well and truly be ready 
to explore new frontiers. “We will 
have learned what we need to learn 
about people's reaction to space so 
that we can go farther and deeper into 
space,” concludes Shannon. “I think 
that’s going to be the legacy of the 
International Space Station.” @ 
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Small amounts of lunar 
material weighing just 

a few kilograms will be 
launched by the mass 
driver in small fibreglass 
bags at high speed. 





Tubes 

The tubes will be 200m (600ft) 
long and about half a metre wide 
to enable the payloads to reach 
the required speed for launch. 


Multiple 

Some estimates suggest several 
payloads could be launched every 
second if multiple rails are used, 
transporting thousands of tons of 
material every month into space. 
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G ete 


How. many new manned 


“spacecraft are currently 
in development? 


AT Cor Tet tyeye 

At least nine, although possibly 
more that haven't been announced. 
AOE Velcin me) ear-la (eer ere lao mByEAEIKS 
Space agencies are working on new 


“ DEEPSPACE 


spacecraft to take humans not only 
into Earth orbit, but also into deep 
Space as well. 

The busiest nation with these goals 
in mind is currently the USA. With 





the retirement of the Space Shuttle 
in 2011, NASA allocated funds to 
private companies to enable them to 
begin the development of a number 
of spacecraft that could one day be 


Could humans live on other 
planets apart from Earth? 


Lilinha Espindula 
Based on what we've discovered so 
far, no. Of the planets inside our 
Solar System, none are hospitable 
to humans without some sort of 
equipment. Outside our Solar 
System we are yet to find 


a planet exactly like Earth. So far 
we've found worlds with inhospitable 
environments, extremely hot or 

cold for example, or planets with 
masses much larger than Earth that 
humans wouldn't survive on due to 
the increased gravity. However, in the 


c 


Milky Way alone there are thought to 
be billions of planets, while there are 
hundreds of billions of galaxies in the 
universe. It's highly likely there are 
planets out there just like Earth that 
humans could survive on; we just 
haven't found them yet. JOC 
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responsible for taking astronauts into 
Earth orbit. SpaceX’s Dragon capsule, 
while it currently only carries cargo, 
was designed from the outset to 
carry humans and will eventually 

be upgraded into a manned vehicle 
called DragonRider, capable of taking 
seven people into space. Similarly, 
Boeing is working on its own 
capsule, called the CST-100, which 
will also be able to take seven into 
orbit. Meanwhile the Sierra Nevada 
Corporation is hard at work on a 
seven-seater spaceplane called Dream 
Chaser that, like the Space Shuttle, 


What ake ae is es | 
for viewing Andromeda? . 


Rog @ievileiiy ge 
Andromeda can be difficult.to 
* observe in detail because of its large 
size in the sky. In fact, if you want to 
observe Andromeda in its entirety, 
a low-power, wide-angle eyepiece 
is best. You can actually get some 
fairly good views with a very good 
pair of large lens binoculars. 
- Generally, refracting telescopes * 
|“ are.very good for planetary 
observation, and reflecting 


ol srece) oro ICG CoM OL Mpa (ee CO 


sky astronomy. Remember that the 
amount oi hie F]  tplescoHe Ca can 
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will launch on a rocket before gliding 
back to Earth when its mission is 
complete. NASA is, of course, also 
working on its own Orion spacecraft 
to take humans beyond low Earth 
orbit for the first time since 1972. You 
can expect to see all these spacecraft 
fly before the decade is out. 

Outside the USA, Russia is believed 
to be working on an upgraded 
version of its Soyuz spacecraft, with 
some reports suggesting it may 
be planning a vehicle with deep 
Space capabilities. China also has its 
eye on journeys beyond low Earth 


collect will i increase the amount on 


_ detail you can see, So wider mV aatT Ce : 
telescopes are theoretically better for 


observing the Andromeda Galaxy. 
However, the bigger telescopes.can 
begin to get quite costly and can be 
(abtGCere Ulm Cod ueclats)o\e)a mae 
"A five-inch Dobsonian telescope 
will (on a clear night well away. from 
light pollution) provide enough 


‘detail to begin to make out the spiral 
arms, but we'll never get the same * - 


amazing images we see from space 
observatories such as the Hubble 


Space.Telescope. SA 


Sierra Nevada Corporation's 
Dream Chaser spaceplane 
passed some key tests in. 
early August 2013 


orbit, with a manned lunar mission 
thought to be on the cards with 

an as-of-yet unknown spacecraft. 
In Britain, the private company 
Reaction Engines Limited is hard 
at work on its revolutionary Skylon 
spaceplane that could be capable 
of taking dozens of people into 
low Earth orbit. There are also two 
suborbital vehicles in development, 
Virgin Galactic’s SpaceShipTwo and 
XCOR’s Lynx spaceplane, that will 
take paying customers briefly into 
space, with flights scheduled to 
begin next year. JOC 


@’. SOLAR SYSTEM. 


Could a black 
hole swallow 
Earth? 


Amy Parsons 

It's possible, yes. However, it is more 
likely that the Earth will get swallowed 
by a black hole than, say, winning 

the lottery ten times in a row, but less 
likely than being struck by lightning. 
In fact the odds of a black hole 
devouring our planet are estimated at 
one in a trillion. 

There are two predominant types 
of black hole in the universe. The first 
are supermassive black holes found 
churning at the centre of galaxies. 
These don't really pose any threat 
to us, until our galaxy collides with 
another like the Andromeda Galaxy in 
a few billion years. The other type is 
interstellar black holes, those formed 
when a large star goes supernova. 
These can be just a dozen or so miles 
across, and one of the closest to us is 
Cygnus X-1 about 6,000 light years 
away. If one of these were to stray near 
the Solar System, its radiation and 
accretion disc would likely destroy 
Earth, as well as the other planets and 
the Sun, while its gravity would likely 
throw anything that remained out into 
interstellar space. It's fortunate, then, 
that the likelihood of this occurring is 
pretty minimal. JOC 


hte del ecp tee urtecels) 3 
through their gravitational 
influence on their surroundings 








Aa ee 
started with 
Mo) temo alee 
should it 
finish with 
one, too? 


gKelhia ea 
There are many theories as to how 
our universe will end. The three 
main ones are sort of related and 
all depend on the density of the 
universe. The first is called the Big 
Rip. We know that the universe is 
currently expanding and it seems to 
be accelerating. It is thought that if 
it keeps expanding we could get to a 
point where it starts to break down. 
It is unsure what would happen as 
the universe tears itself apart. 

Another idea is something called 
the Big Crunch. As the universe 
expands, we may one day see this 
expansion start to slow. If it slows 
enough the universe may stop 
expanding and start to collapse 
in on itself under gravitational 
attraction. We could then find the 
universe crashing back together 
and heating up to re-create the 
conditions found moments after the 
Big Bang. 

The final element of this 
particular trio is the Big Bounce. 
OM abtp ce mole sabe IKcemcecnrlelOm ant li 
has another Big Bang following the 
Big Crunch, restarting our universe. 
These three represent a small 
selection of the possible ends to our 
universe. As it currently stands we 
don’t have enough information to 
soya qo) Ui A Br-La Wal UM plomaslombllanenrsine 
fate of the universe. JB 





The Coma galaxy cluster is an 
example of ‘dark flow’ that suggests 
something beyond the visible 
universe is pulling the universe apart 
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Space Telescope shows how bright 
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starinthe 


central hub of the galaxy, would 
we have permanent daylight? | 


Jack Walker 

Most likely not. It was initially 
thought that the gravitational forces 
and interactions between the large 
numbers of stars at the galactic 
centre would make it impossible for 
planets to form in stable orbits. New 
research is suggesting this might not 
be the case. So what would life be 
like on one of these planets? The first 
major problem is that planets in the 
centre of the galaxy would be bathed 


in harmful radiation, effectively 
sterilising them. Harmful gamma 
trays, X-rays and cosmic rays would 
bombard the planet, killing any life 
that potentially developed. Whether 
or not there would be permanent 
daylight all depends how close 

the stars are. There are more stars 
squashed into smaller spaces but it’s 
still thought that at least a light year 
separates all the stars. On Earth our 


nearest neighbour, Proxima Centauri, 


lies four light years away and just 
appears as a faint dot. This star 
wouldn't appear much brighter if it 
was only a light year away. While the 
sky would certainly be more densely 
packed it is doubtful that you would 
experience permanent daylight. Of 
course with a much greater density 
of stars you increase your chance of 
being in a binary star system, which 
would certainly have a large effect on 
the day and night cycle. JB 
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| SPACE EXPLORATION 


‘Al 
Astronauts on the ISS can 
communicate with Earth using 
amateur ham radios, like NASA's 
Doug Wheelock in this image 


What would hap en if the ISS lost all 


contact with Earth? 


William Brown 

The astronauts would manually fly home in a Soyuz 
spacecraft. Every morning on the ISS, Russian cosmonauts 
relay a series of numbers and co-ordinates with Earth. While 
routine, these numbers explain the nature of the orbit of the 
ISS for the forthcoming day. If, for some reason, the crew 

on the ISS were forced to evacuate the station without the 
assistance of ground control, this information would enable 
them to do so. The Soyuz spacecraft is designed so that the 
crew of three inside it could return to Earth by themselves. 





The ISS has a number of ways to retain contact with Earth, 
but there have been occasions where it has lost all contact for 
brief periods of time. In the very unlikely event that the ISS 
lost all contact with no hope of getting it back, the astronauts 
would have to consider leaving the station after a few days, as 
they cannot run the station for prolonged periods without the 
help of ground control. With two Soyuz spacecraft normally 
docked to the ISS at any one time, the six-person crew would 
split into two crews of three and each would pilot a Soyuz 
through Earth's atmosphere to land back on the ground. JOC 
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SPACE EXPLORATION 


Why j iS there gold 
astronaut’s visor? 





= — 


Spacesuit visors, 

- like those on 
NASA's EMU suit 

in this image, are 
coated in gold 


Of) dll 





Michael Sharples 
A thin layer of gold can be found in 
astronauts’ visors because it is very 


reflective of infrared radiation, a vital 
consideration for protecting astronauts’ 


eyes. Infrared isn't the only harmful 
type of radiation that visors need 
to protect against, though. There is 


reflecting ultraviolet (UV) radiation 


that is very similar to sunglasses used 


down here on Earth. 

Gold has a variety of properties 
which make it an extremely useful 
material when designing objects to 
go into space - especially orbiters 
and other intrepid spacecraft. Many 


coated sheets. These sheets help keep 
the satellites cool by reflecting infrared 
radiation away from the spacecraft 
and minimising any absorption of 

this heat. Another reason is that gold 
doesn't tarnish or rust at the same 

rate as lots of other metallic options, 
therefore reducing maintenance time 


another thin layer specifically for 





Satellites are partially covered in gold- 


How many new objects 
are discovered by amateur 


astronomers each year? 


Marie Redding 

It's hard to get an exact figure on this, but 

it is estimated that about 400 near-Earth 
objects (NEOs) are discovered by astronomers 
every year. However, with technology and 
techniques becoming more advanced, the 
line between amateur and professional 
astronomers is becoming more and more 
blurred. Many astronomers can now get 
access to powerful telescopes, either 
remotely or in their own back garden, 

which enables them to make new 
discoveries. There are thousands of 

asteroids and comets traversing the inner 
Solar System, and many of these are so small 
that they cannot be found easily. However, 
with so many eyes on the sky, amateur 
astronomers can help find NEOs. With regards 
to objects outside the Solar System, the figure 
is much more difficult to estimate. JOC 
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and expense during missions. MW 


Eros, seen here, is a near-Earth 
asteroid with an orbit that 
brings it close to our planet 











Quick-fire 
questions 





@spaceanswers 


Where does interstellar 

space begin? 
As you journey out of the Solar 
System, interstellar space begins 
where the Sun's influence is no 
longer the predominant force, 
about 17 billion kilometres (11 
billion miles) away. 


Could we pollute the 
Earth's orbit with too 
much rubbish? 
Yes. AS many satellites orbit 
within specific orbital regions 
around Earth, it's possible that we 
may over-populate some of these 
regions with satellites and debris. 


Does the Moon have 

a core? 
Our Moon is believed to have a 
core like Earth's, part solid and 
part liquid, albeit much smaller. 


Who invented the 
telescope? 
Although Galileo was the first to 
use a telescope for astronomy, 
it is actually German spectacle 
maker Hans Lippershey who is 
regarded as being the inventor of 
the telescope in 1608. 


What is the most 
number of people that 
have been in space at 
the same time? 
Thirteen, in March 1995, when 
astronauts were simultaneously 
aboard the Space Shuttle, Mir and 
a Soyuz spacecraft. 


Do you sweat in space? 
Yes. Although the ISS is kept 
at a moderate temperature, 
astronauts might still sweat on 
some occasions, such as when in 
sunlight on a spacewalk. 


Why do stars die? 
Stars die when their gravity 
becomes so intense that they can 
no longer maintain their structure, 
and the star collapses in on itself. 


Where does the word 

‘astronaut’ come from? 
The word astronaut derives from 
the Greek words astron (Star) and 
nautes (sailor). 


7/ 










Quick-fire 
uestions 


@spaceanswers 


~ What is the furthest 
humans have travelled 
from Earth? 
The Apollo 13 crew - James A 
Lovell, John Swigert and Fred W 
Haise - on 15 April 1970 travelled 
further than any other crew, a 
distance of 400,171 kilometres 
(248,655 miles) from the Earth. 


~ Who has performed the 

most spacewalks? 
Russian cosmonaut Anatoly 
Solovyev holds the record of 77 
hours and 41 minutes across 16 
spacewalks and five spaceflights 
from 1988 to 1998. 


~) Has anyone ever died 
in space? 
Technically, the only people to 
ever die in space were the crew 
of Soyuz 11 - Vladislav Volkov, 
Georgi Dobrovolski and Viktor 
Patsayev - on 29 June 1971 when 
their spacecraft depressurised 
prior to re-entry. 


“Is there any way of 
cleaning up space 
debris? 

Numerous methods have been 

suggested, from lasers to solar sail 

tugs, but as of yet no method has 
been tried successfully. 


“) What does STS 

stand for? 
STS stands for Space 
Transportation System, which 
was the official name given to the 
Space Shuttle programme during 
its operating lifetime between 
1981 and 2011. 


~) How many space 
agencies are there 
around the world? 
There are a total of 74 space 
agencies in the world today, 
although many of these are 
relatively small. Of the 74 agencies 
only three have sent their own 
astronauts into space: America, 
Russia and China. 


4 SPACE EXPLORATION | 


Alvaro Abrego 

Any spacesuits designed to keep 
humans alive on the surface of Mars 
would certainly be different to the 
Spacesuits worn by Apollo astronauts 
during their Moon landing missions. 
This would mainly be due to the 
long period of time since the Apollo 
missions, and the developments in 
technologies and material science 
since then. The latest plans for a 
new NASA spacesuit, known as the 
Z-1 prototype, are being developed 
with many different environments 
in mind. One part of the current US 
Spacesuit (the EMU) is a sublimator, 


















\ 


Will Mars spacesuits 
be different from 
Moon spacesuits? 


used as a cooling device. This 
particular component is very sensitive 
to contamination and dust on the 
Martian surface would quickly cause 
it to fail. The new spacesuit is set 

to use another technology instead, 
called the Spacesuit Water Membrane 
Evaporator, which gives the same 
cooling performance but is suitable for 
use on Mars. As these considerations 
are being made during the design 

and development phases, American 
astronauts on any future trips to either 
Mars, the Moon, an asteroid or other 
spacewalks should expect to be using 
the same spacesuit. MW 


NASA’s new Z-1 spacesuit, 
currently in development, 
may be used on future 

missions to Mars 


aiteaeca mle eats 
ch iverse \ 


Albert Einstein 


taught us much 
OAR RAN, 
know about 


™ i 
e 


4 DEEPSPACE 


Can energy be 
separated into 
matter and 
antimatter? 


Luca Mazzucco 

In fact, one can't be created without 
the other. According to Einstein's 
famous equation, E=mc? tells us that 
a particle of mass has ‘locked up 
energy’ equal to its mass multiplied 
by the speed of light squared. What 
this really means is that matter 

can be converted into energy, and 
perhaps more importantly energy 
can be converted into matter. How 
energy can ‘become’ matter is 
particularly interesting. 

In order to explain this we need 
to think about energy in terms of 
photons, which are little discrete 
packets of energy. Each of these 
packets has the potential to become 
mass (under the right interaction), 
but this process has to follow a 
series of conservation rules. This 
means that overall, whatever you 
have before the interaction (in 
terms of properties such as charge 
and momentum) you have to have 
afterwards as well. 

A pair of photons can interact 
to form mass (through a process 
called pair production), although 
these photons would need to have 
a huge amount of energy each. 
This is why we use very large, 
high energy particle accelerators to 
create antimatter at the moment. 
However, photons have no charge 
(or many of the other properties 
matter has) and so to obey these 
conservation rules, two particles 
with the same mass, but opposite 
properties such as charge are 
created. And a particle with the 
Same mass but opposite charge to 
another is an antiparticle. So as it 
happens, for packets of energy to 








become matter, antimatter must 


also be created. SA 
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Light pollution can be 
a Major annoyance for 
amateur astronomers 


How can we minimise 
light pollution when 
doing astronomy? 


Marie Redding 

There are a few tips and tricks you 
can employ to help minimise light 
pollution if you live in a densely 
populated area. The first is to find 

an area that is shadowed from any 
nearby lights, be it beside a wall or a 
house. This may restrict your view of 
the night sky, but it will improve your 
visuals. You should also check weather 
reports to see when the conditions 
above will be at their most stable; hot 


®’. SOLAR SYSTEM 


What is tidal locking? 


Dan Hampton 

Tidal locking is the name given to the 
situation when an object's orbital period 
matches its rotational period. A great 
example of this is our own Moon. The 
Moon takes 28 days to go around the 
Earth and 28 days to rotate once around 
its axis. This results in the same face of 
the Moon always facing the Earth. We see 
other examples of this in our Solar System 
and universe. An extreme example is the 
case of Pluto and Charon. Charon is such a 
large satellite compared to Pluto that they 
are tidally locked together. This means 
that Pluto only sees one face of Charon 
and vice versa. It is as if a rod connects 
two points on their surface. This results 
in a bizarre phenomenon where the moon 
Charon would always be in the same 
place in Pluto's night sky. Tidal locking 
can have an effect on the system. In the 
Earth-Moon system the Earth's rotation 

is actually slowing. It is altered by a tiny 
amount but enough that it can be seen in 
fossils that are millions of years old. JB 
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and humid weather can throw dust 
up and make conditions worse. We'd 
also suggest throwing a dark cloth 
over your head, which will allow your 
eyes to more easily adjust to the dark. 
Finally, you might want to consider 
staying out as late as possible, when 
many people will have turned off their 
lights. Some local authorities also turn 
off street lights after a certain time, 
giving you a much less obstructed 
view of the night sky. JOC 
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Discover the violent world of 
Jupiter's volcanic moon Io 
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The Galileo spacecraft took this 
remarkable image of the Earth- 

Moon system in December 
1992 while on its way to Jupiter 
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630 Get started &6 What's 630 Me and my 93 Astronomy 96 Telescope 


in astronomy in the sky? telescope kit reviews competition 
Our beginners’ guide to a Discover what’s inthe | Astrophotography and kit We check out the latest kit | Win a top telescope from 
skywatching hobby night sky this month from All About Space readers | and astro accessories Celestron worth £1,250! 


Beginners guide 
tO aSMONOMy 


If you are new to the hobby of stargazing, here's aay aa 
an easy-to-follow guide which will take you pair of eyes. Binoculars and telescopes 


. are of course useful, but one of the 
through the basics and get you started first things you can do to understand 
| What you are looking at, is to get 
familiar with the patterns of the stars. 


“A |] you re ally These patterns are called 


constellations, a word meaning 


need 1S d collections or groupings of stars. 


All you need is your eyes and clear 


Teas onably dark skies away from town and city 


lights, as much as possible, and a little 


exere\e! Dall patience. A star chart or planisphere is 


" also helpful here because it will help 
of eyes you recognise many of the patterns. 
The constellations seem to move 
as the Earth spins on its axis and 
as the weeks and months progress 
and the season's change many of 
the constellations come and go, so 
there's always something new to see. 
The Moon and planets also move 
in their own orbits and so appear 
to move against the background of 
the apparently fixed stars over the 
course of just a few hours, in the 
case of the Moon. To see more you 
can use simple binoculars, 7x50s 
», oF LOx50s are best, or, of course, a 
we small telescope. If you have never 
bought a telescope before, take 
some advice. A reputable dealer 
should be willing to help and 
do also consider joining your 
— local astronomical society. 
There will be people there 
with lots of knowledge who 
will be happy to advise you. 
®, Try to avoid falling prey to glossy 
™ advertising; a small telescope 
which you use lots 
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Beginners’ guide to astronomy 


The celestial sphere 


Celestial North Pole 

The point in the sky directly above the Earth's 
~ North Pole around which the sky appears to 

rotate as the Earth spins on its axis. 


Celestial.sphere 

The celestial sphere is our 
view of the night sky, like 
looking into the inside of 

Bal erexom oe] /MU dem date at] a a) 
suspended in the middle of it. 


Celestial 

equator 

This is a projection of 

the Earth's equator out into 

space. It’s not the same as the 

horizon because the Earth is tilted by 
23.5° from the plane of the Solar System. 





Measuring the skies 


a 





5 degrees 10 degrees 
By stretching out your arm Your fist measures about 
and holding up three fingers, 10°. For example, if you can 
you are able to measure a stretch out your arm and fit 
distance between objects your fist between Jupiter 
and an object's apparent size and the Moon, then the pair 
equal to 5°. are 10° apart. 


1 degree 

Extend your arm and hold 
out your index finger and you 
can measure the distance 
and apparent size of an 
object equivalent to 1°. A full 
moon is equivalent to 0.5°. 





Axis of the Solar System 
This is a line perpendicular to 
the plane of the Solar System 
known as the ecliptic, around 
which is found most of the 
planets and their moons. 


Ecliptic path 

The ecliptic is the path 
of the Sun as seen 
against the celestial 
sphere and is also 
the plane of the Solar 
System. The Moon 
and planets 

appear to move 
around this 

path, too. 


Celestial 

South Pole 

Directly 

opposite the 

Celestial North Pole, 

this is the point in the sky 
around which the stars appear 
to rotate if you are in the 
southern hemisphere. 








By holding out your arm in 
front of you and spreading 
out your fingers, you are 
able to measure a distance 
of approximately 20° across 
the night sky. 
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Warm clothing 
It can get very cold at night, so 
make sure you're wrapped up warm 
and you'll be able to spend more 
time outside observing. 


‘Ad 


A planisphere 
This is a simple handheld disc that 
can show you the positions of the 
Stars on a nightly basis. You simply 
dial in the date and time. 





A red light torch 

Red LED lights are easily available 
now, and red light helps to preserve 
your night vision while you are 
studying your planisphere. 





A dark sky 

This sounds obvious, but most of 
us live in towns and cities so you 
may need to consider travelling to 
get away from the light pollution. 


od 


il 
A notebook 
Making notes of or drawing what 
you see is a good way of training 
your eye and brain to see more. 
You don't have to be a great artist! 
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Identifying constellations 


How to recognise the stars-and find your way around the skies : 


m i a 
. ; C 
F ‘ Geta BES 
a Cygnus (the Swan), sometimes 
- Ps known as the Northern Cross, is one 
of the oldest known constellations 
and can only be seen well during 
da =RUL ATEN =1 Mm ENCO) AM Re) em Gals) 
northern hemisphere. It sits in a rich 
oy-]a me) maT MYL LQYAN UCN cae: lem ale Br-l ale! ® 
e is great to explore with binoculars " 
or a small telescope. ° 
Orion 
Orion is probably one of 
ad MUS mCi che ae) maal= 
e constellations in the night 
. sky. It is easily recognisable 
A & from its three ‘belt’ stars ~ 
re : — = SiMe cele 
ry Hunter's sword marked by oT 
i : a chain of stars culminating 
x) cs Pa e | in a misty patch of light 
= e that is the Great Orion 
ry & | , : @ FS Nebula. It also contains the 
= an lovely red supergiant star 
re} ; Betelgeuse. It is best seen 
ra during the winter months. 
) 
Ursa Major 2 
Ursa Major is fairly easily bad 
recognisable or at least part of it e 
is, as the well-known seven stars 
of the Plough or Dipper. Ursa 
Major (or the Great Bear) extends 
beyond the stars of the Plough. 
For many people in the northern 
A=) SNR MANE eO aes) ae) e 
never sets andsocanalwaysbe ~~ o 
X2\=Ja Maem ald mae / Ps 


5 things to 
see in space 


Depending on your hardware, the clarity of the 
skies and the level of light pollution in your 

local area, celestial objects can be viewed across 
an enormous range of distances. Without any 
mechanical assistance, many bodies in the Solar 
System are easily recognised: from the Moon, 
Mercury and Venus to Mars and the gas giants 
Jupiter and Saturn - all are recognisable. Even 
some galaxies millions of light years from our own 
are visible to the naked eye from Earth, under the 
right conditions. You'll get a much better view with The Moon 
a pair of binoculars and an even better one still 
with a good telescope, of course. Here are five cool 


Jupiter 

We're all familiar with the Moon as the shiny disc in the You can see five of the planets of our Solar System 
night sky but through binoculars you can see a lot more with the naked eye and watch them move against the 
space sights that range from our cosmic backyard —_detail on its surface. With a telescope and a little more background stars. Binoculars will show the moons of 
right out to our galactic neighbourhood. magnification you can see many of its craters. Jupiter as well as the gas giant itself. 
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7 7 3 ways to 
= e navigate the 
i night sky 


The constellation of Tucana (the Toucan) contains 
the Small Magellanic Cloud dwarf galaxy as well as 
the bright globular star cluster 47 Tucanae, so it is 
easy to find with the naked eye and there's plenty 
to see using binoculars or a small telescope in this 
particular region of the sky. 


Carina 

The star Canopus, the second 

py af ane) ee] ==) =e) ON 
marks the position of the keel of 
the ship Argo Navis, a once huge 
constellation that has now been 
separated into three parts. Carina 
is the keel of the ship and lies in 
WaT =m NYT Nasi: lel (ee oar 
great place to go patrolling with 
binoculars or a telescope. 


Srey 4 | 
Otherwise known as the Southern 
Cross, Crux appears on the Australian 
flag and is probably as famous 

Mato od (eles Maem nem dala) 
hemisphere. This constellation 
contains some lovely deep sky 
objects such as the Coalsack Nebula 
and star cluster and colourful stars 
such as Gacrux, a red giant star. 
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By star chart 

A traditional way of navigating 
night skies. The sky is constantly 
changing, so you'll need the right 
one for the season and hemisphere. 


By app 

There are a number of astronomy 
apps available for iOS and Android 
devices, many of which are 
interactive and cost nothing. 


By star-hopping 

This skill enables you to find objects 
in the sky by locating a star or 
constellation, then using its current 
position to find the next star. 


Andromeda 

Our galaxy is but one of billions which go to make 
up the vastness of the universe. You can see many 
of them with binoculars or a small telescope, with 
Andromeda being one of the most prominent. 


The Milky Way 

We live in a galaxy called the Milky Way and all the 
stars which you can see belong to it. One of the spiral 
arms of it shows up on clear dark nights as a band of 
hazy light stretching across the sky. 


Comets 

Many comets originate in the Oort cloud beyond the 
outer reaches of the Solar System. Some, like Hale- 
Bopp, fly past the Sun and are briefly visible from Earth, 
before being thrown back out into the depths of space. 
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e than reflector telescopes and so can mount, known as an ‘altazimuth’, is 
[ ) [ ) I } be easier to handle and store and probably adequate for most viewing 
CTS d | are good for viewing the Moon and purposes. If you plan to start doing 
planets. Reflectors, on the other hand, 


some astrophotography, however, 


are great telescopes for seeing what you will almost certainly need an 
are known as ‘deep sky’ objects; these equatorial mount which takes a lot 
include star clusters, nebulae (clouds more setting up and understanding. 
of gas) and distant galaxies. There is a There are some telescopes now 
' lot of crossover though and both types which have computerised mounts 
What to look for lf) the best of telescope should show you most which will, once set up, slew the 
; ! things quite well. telescope to hundreds or thousands 
beginners hardware When buying your first telescope of different objects in the night sky 
Telescopes come in two basic types; is a refractor. There are other types, there are a few things you should and track them for you. This might 
reflectors and refractors. Reflectors, but they are really just variations of consider. Not least its size and weight; sound attractive, but remember that 
as the name suggests, use mirrors to these main two. a smaller telescope might not show a sizeable proportion of the price has 
gather and focus the light from the Refractors are often a good you as much, but if you use it more gone on the technology and so you 
stars, whereas refractors use lenses telescope type for beginners to get often it will be worth more to you. will get a smaller aperture telescope 
and are what most people consider to started with as they are easy to use Also think about how the telescope for your budget. If you're still unsure 
be a ‘telescope’. The old naval ‘spyglass’ and maintain. They tend to be smaller is mounted. The simplest type of seek advice before you buy. @ 


Parts of a telescope “Reflectors 


All telescopes follow the same basic principles, are eTeal 

although each type may look slightly different. scopes for 
Here's a diagram to guide you around the various : 

parts and help you identify them SCElT] de ED 


sky objects” 


















GOTO computers can make 
finding stars easy 


® Tube 


There are two basic 
types of telescope - 


reflectors and refractors Viewfinder @ 
- they're usually easily Useful for manually 
recognisable. positioning your 





scope in the right 
area of the night sky. 


Mount @ 
Beginner scopes are 
often supplied with 
mounts, although 
there are many 
different types. 







‘ 
a 
7 


Y | 
‘ 
Tripod @ \ 
A solid base Y b 
is absolutely _ 
vital to a good 
astronomer. 
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1. Dobsonian mount 
The Dobsonian is a type 
of altazimuth mount. The 
whole point of this type 
of mount is to provide a 
cheap, stable platform 

for larger telescopes and 
to have very smooth 
motion in both axes. 

This is achieved by using 
frictionless Teflon bearings 
for smooth and gradual 
viewing. This is a very 
popular mount due to its 
relatively small price tag, 
and it's a good DIY project 
for many amateurs too. 


2. Altazimuth 

This simple mount has 
two axes of movement, 
the first is in altitude (up 
and down) the second is 
in azimuth. This is a circle 
describing 360° around 
the horizon taking the 
north cardinal point as O° 
and south as 180°. The 
azimuth axis then simply 
allows for movement 
around in a circle parallel 
to the ground. Most 
camera tripods are in fact 
altazimuth mounts, the 
design is fairly standard. 


Eyepieces 
The eyepiece is the lens you look through and brings the image to a focus and 
magnifies it according to its focal length. Different designs of eyepieces give 


different magnifications and fields of view. Quality is important, so it’s always 
worth spending a little more on your eyepieces if you can 





Kellner 

The Kellner is an 
achromat lens, which 
means it's designed to 
correct false colours 
caused by refraction 
(bending of light) in 
the eyepiece. They are 
relatively inexpensive. 
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Orthoscopic 

These give a near 
distortion-free image. 
Though considered old 
fashioned, the orthoscopic 
is a useful eyepiece for 
the amateur astronomer. 
They make good lenses 
for observing planets. 


3. German equatorial 
mount 
The most common type of 
mount is designed to allow 
one of the axes to be polar 
aligned. Looking a little like 
a letter T, the upright of 
the letter is the polar axis 
and is tilted to become 
parallel to the Earth's axis. 
This means that it is only 
necessary to track the 
telescope around this polar 
axis to follow the path of 
the stars as they rise and 
set. Perfect for tracking a 
specific object in the sky. 





Plossl 

Often included in 
commercial telescope kits, 
Plossls give a reasonably 
large, flat field of view. 
They can vary in quality 
but you'll probably keep 
the best ones, even if you 
change your telescope. 





4. Single arm 
altazimuth mounts 
This mount suits smaller 
refractor and catadioptric 
telescopes as the tube is 
attached to one arm as 
opposed to being slung 
between two. With small 
instruments this keeps 
the weight of the system 
down, making them 
portable. It is favoured 
by the manufacturer 
Celestron for its smaller 
instrument range. They are 
versatile and appealing as a 
family telescope. 


Ay IMAA-L x 
=A 

aa 
Wide-angle 
A number of brands 
including Celestron 
produce this wide-angle 
eyepiece as it is excellent 
for low-power, deep-sky 
viewing. As you might 
expect, they can be 
rather expensive. 
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5. Fork equatorial 
mount 
The fork equatorial 
performs a similar function 
to the German equatorial 
in that it allows the 
telescope to be driven 
around the polar axis. In 
this case, the polar axis is 
formed by the fork itself; 
this looks like a letter U. 
The tilt is created by an 
equatorial wedge which 
usually can be added to 
an altazimuth fork mount 
enabling long-exposure 
photography and imaging. 


Long eye relief 

These were originally 
made for spectacle 
wearers! ‘Long eye relief’ 
means you can use them 
comfortably without 
taking off your glasses. 
They are good for lunar 
and planetary viewing. 





6. Altazimuth fork 
mount 
Altazimuth fork mounts 
describe where the 
telescope is slung between 
the tines of the fork of 
the mount. Where the 
telescope pivots is the 
altitude axis and the 
azimuth axis is provided by 
the rotating base. These 
instruments are usually 
provided with electronic 
drives or computer 
systems which allow the 
telescope to point to and 
track objects in the sky. 





Nagler-style 

With a superb 82° 
apparent field of view, this 
range is beloved of serious 
deep-sky observers. 

They command a price 
you would expect of the 
very best optics, so not a 
beginner's first choice. 
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Aid areas re me dems elZ4 


The skies of winter are putting in an appearance and 
there are lots of beautiful deep sky objects to see... 


ete Ce ee Open Star Cluster M34 
toZ ee (Comet) Viewable time: All through the hours 


Viewable time: All through the hours of darkness fo) Mer-Va centers) 
The Double Cluster in the constellation of Perseus is arguably one Another lovely open cluster, this time in the 
of the most attractive objects in the night sky. It consists of two Eeaigic constellation of Perseus, M34 is just visible 
open star clusters lying close to each other in a rich star to the naked eye from a dark sky site and 
field. They are located only a few hundred light shows up in binoculars quite well. It contains 
years apart and approximately 7,600 light around 100 stars. A small telescope will start 
years from us. Lying in a part of the to resolve more stars in the group. M34 
constellation of Perseus known as lies about 1,500 light years away 
the ‘sword handle’ the clusters from us and it is thought that the 
are visible with the naked eye stars are approximately 200 
between Perseus and the million years old. It covers 
into VdD\ MeO) atsiKod le Laleya! an area of space about 15 
of Cassiopeia. light years across. 




























Open Star 
Cluster M45 
Viewable time: All through the 

hours of darkness 

Messier 45 is probably one of the most 
famous star clusters of all. Known as the 
Pleiades or, more commonly, the Seven Sisters, 
M45 is a naked eye cluster lying just off the shoulder 


ri STEN 
Cluster The 
Hyades 
Viewable time: All through the 
hours of darkness 

The Hyades is the group of stars which make 
up the V-shaped head of Taurus (the Bull). There 
are hundreds of stars in the cluster but only around 


15 are visible to the naked eye. The five brightest stars of Taurus (the Bull). Even from a town, most people 
make up the V shape of the bull’s head. The bright red Northern are able to count five or six of the stars in the cluster. 
giant star Aldebaran, the ‘eye’ of the bull, appears to hemisphere From a darker site, seven or more are possible if the 
sit with the cluster but is not part of it as it is much conditions are good. There are over 500, mostly faint, 
nearer than the 150 light years of the Hyades. le D AMID MOOR DEs Cs) med icescid soe 
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| on vonn pve © photos and ee 
- of you with your telescope.to photos@ 
spaceanswers.com and we au showcase 


; wee to issue 


Tanja Carruthers 
fo)sFVatetccie)ibe-mmereleise wo Vae em 
Telescope: Officina Stellare . 
HiPer APO 105 and Celestron 

| Advanced VX 

“Since my last submission 
[All About Space issue 6] I've 
acquired additional gear, and 

now focus more on imaging with my,APO and 

doing wide-field tracked lens photography. 

Chasing dark skies and imaging from 

various locations has now become the norm. 

Sutherland in South Africa, which is home to * 


SALT [Southern African Large Telescope], is my 
southern dark sky favourite, but with northern 
targets eluding me I packed my gear and 
travelled to the USA to image FNWrcornn sect alee 
various other ‘exclusively northerm targets. ne 
November, I'll be travelling even further north 
to Iceland for some aurora photography.” 


The Tarantula Nebulais a 
jewel of the southern skies | 













Tanja travelled tothe - 


Nevada Desert to capture 
the Andromeda Galaxy 


The Coalsack Nebula is easily 
visible with the naked eye as a 
dark nebula in southern skies 














Andrew Burns 
Wiltshire, UK ~~ 
Telescope: N/A — 


“I retired early to look after / | 
my dear late wife, and this /) / ~~ 
enabled me to focus more on 4 gt we 
astronomy support for schools. / yy 
iE VeeRdetK@sevimem sna 
Astronomical Society and I studied astronomy 





at the University of Central Lancashire and the forte BET a tr ee 


University of Glamorgan. I have also been an 
outreach astronomer at the Herschel Museum 

of Astronomy in Bath, UK for seven years. 

This photograph of the ISS from Silbury Hill 

in Wiltshire was taken with a Pentax K-5 with 
16-50mm zoom at 16mm. It was a 30-second 
exposure, and a Perseid meteor shows up on one 





a 





County Durham, England 

Telescope: Celestron AstroMaster 70AZ 

“T enjoy looking at the Moon and planets. I am very 
new to observing and I got my first telescope for 
Christmas 2012, just an entry-level one to get my 
bearings. Since then I have observed Saturn on 
occasion and enjoy star jumping. I am wanting to 


frame but at low contrast below the line of cloud.” upgrade my telescope to an equatorial mount for deep space in future.” 


Paolo Porcellana 


Asti, Italy 
Telescope: Vixen 
DI LOLON i | a 
“For the ISS transit | 7 
a | a 


Om atcms EI Nem Hele 
view was terrible 
but I managed to 
reduce the focal [length] to have more 





possibilities to catch the transit. For 
the close-up of the solar disc, in the 
composition are framed active zones 
proposed in negative to help the eye 
to recognise the different types of 
solar phenomena.” 





Send your photos to... 


@spaceanswers @ photos@spaceanswers.com 
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Firsttime 
astronomers Faas 


you to move the telescope 


Two novice stargazers tell us how they |RSgSuSierss 
got on with their first go at astronomy | 









Celestron 


AstroMaster 70AZ 


Tested by: Emily 

Uphill 

Cost: £110/$175 

From: www. 

hama.co.uk 

“I absolutely adore 

looking up at 

the night sky on 
clear nights. I'd say I've been a ‘casual 
astronomer’ as long as I can remember, 
but I've never had a go witha 


“Moving the telescope to see 
different bits of the night sky was also 
easy. There's a kind of twistable handle 
you use to position the telescope, and 
it's pretty easy to point it at the night 
sky. Having used sky charts before, I 
was able to hone in on a few objects 
of interest. The optics inside this 
telescope also seem to be pretty good, 
and I was amazed at the number of 
stars I could see on a clear night. 


telescope before. Getting the chance to "The only minor annoyance I found The AstroMaster 70AZ 
try one, even if it might not have been with the AstroMaster 70AZ was that EE Boi le acd fae 
designed for beginners 


the most powerful telescope I could 
get my hands on, was an opportunity 
not to be missed. 

“The Celestron AstroMaster 7OAZ 
looks more like a javelin rather than 
what I expected a telescope to look 
like. It's long and quite narrow, which 
seems to be the norm for refractor 


telescopes, and also very light. I 

was surprised that the mount and 
tripod were actually heavier than the 
telescope itself. Putting it together 
was simple though, I just had to get 
the tripod out and then attach the 
telescope on top. 


the eyepiece was quite low. Because 
of this, prolonged viewing through 
the telescope was a bit uncomfortable, 
even with the legs of the tripod 

fully extended. I think for my next 
observation session with this scope a 
chair might be in order. 

“Overall though I loved my first 
experience using a telescope, and I 
can't wait to get stuck into it again. 

I'll be taking this telescope out into 
my garden again sooner rather than 
later, and I'm hoping I might be able 
to convince some of my friends to get 
involved as well.” @ 


There are no complicated 
EVA icone lorem tl oR Mas 
telescope is quick and easy 











\ 


, 
= 


We 
1 





www.spaceanswers.com 











Louise enjoyed her first | 
night of stargazing | 


The PowerSeeker 76 is 
TSA (Oe o] mb] OTe em EC 






First-time astronomers 


Celestron 


Tested by: Louise 

Fairweather 

Cost: £110/$175 

From: www.hama. 

co.uk 

“Astronomy has 
=e «been a hobby that 
I have considered taking up for a 
while now. I have several friends who 
are avid proponents of astronomy 
and frequently invite me along to 
stargazing nights. Until now, I had 
never really found the time. 

“My interest piqued, however, when 
one night while looking up I saw 
What appeared to be a star moving 
across the night sky. I asked my friend 
What it was and she told me it was 
the International Space Station, on its 
way around the Earth once every 90 
minutes. This, to me, was astounding. 
I hadn't realised how easily we could 
see such objects and, while I was 
reliably informed I wouldn't be able 
to see the ISS very well with a low- 
powered telescope, I could still see 
other wonderful sights that might 
instil a similar sense of awe. 

“So I decided to fork out on an 
entry-level telescope, something 


PowerSeeker 76 





that was cheap and cheerful if I 
decided the hobby wasn't for me, 

but good enough to enjoy some 
amateur astronomy. Having heard 
some positive things about Celestron 
products from my friends I decided to 
give the PowerSeeker 76 a go. 

“Setting up the telescope wasn't 
too tricky for a beginner. The tripod 
was simple enough, and I then had to 
feed a metal rod through the head of 
the tripod to stabilise the telescope. 
Once screwed in, it was just a matter 
of manually moving it across the night 
sky. This in itself wasn't a problem, 
but I did find the telescope a little bit 
unsteady at times. 

“Not really knowing how to make 
use of a sky chart, I focused my efforts 
on the Moon, which was a fantastic 
sight to behold through the telescope. 
Being able to make out some of 
the features on the surface was 
breathtaking. When I get the telescope 
out again, I'll try to use a sky chart to 
see more of the incredible sights the 
night sky has to offer. I'd like to have a 
go at observing some deep sky objects, 
and perhaps see a galaxy or two 
elsewhere in the universe.” @ 






“I was able to observe some 
pretty fantastic clusters of 
Stars in the Big Dipper’ 










Using a sky chart can help 
you find celestial objects 
with a manual telescope 
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| The price may be high, but the 
Celestron SkyProdigy 6 SCT is 
worth every penny 
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Telescope advice 


Celestron 
¥ SkyProdigy 
hx 6 SCT 








This excellent high-end telescope is 


Setting up and aligning 
this telescope is 
remarkably quick and 
hassle-free 


Telescope 
advice 


Cost: £1,249/$1,697.95 

From: www.celestron.uk.com 

Type: Schmidt-Cassegrain 
Aperture: 152mm 

Focal Length: 750mm 
Magnification: 60x 

This telescope packs a hell of a punch, 
but that price may look a little on the 
steep side. However, if you've got the 
capital then we can’t recommend the 
SkyProdigy 6 SCT enough. 

We're big fans of the SkyProdigy 
range, both for their simplicity but 
also their quality. Setting up this 
telescope is a cinch, with the only 
major components being the tube, the 
mount and the tripod. 

Where this telescope really excels 
over some of its cheaper rivals, 
however, is its sheer light-collecting 
power. For a Schmidt-Cassegrain 
telescope, an aperture of 152mm 


perfect for the discerning astronomer 


is almost unprecedented. In fact, 
the SkyProdigy 6 SCT is the largest 
and most advanced in Celestron's 
SkyProdigy range. 

Aligning SkyProdigy telescopes 
is just as easy as setting them up; a 
built-in CCD digital camera does all the 
work for you, and five minutes after 
pressing the ‘Align’ button you're ready 
to go. And, of course, once you're up 
and running the optics are gorgeous. 
From objects in the Solar System to 
globular clusters, you'll be treated 
to some incredible views that are 
unrivalled by lesser telescopes. 

If you've got the cash and youre 
looking for a hassle-free telescope 
to tour the night sky, we'd highly 
recommend the SkyProdigy 6 SCT. 
If the former is a bit of a problem, 
Save up the money; this telescope 
is worth the wait, and it might just 
be our telescope of choice for this 
forthcoming winter. Of course, if you 
can't quite afford it yet, you can always 


try to win one over on[page 96] @ 
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Astronomy 
al Cay ance 


Must-have products for 


budding and experienced. 


astronomers alike 


| DSLR camera mount 
iOptron SkyTracker 
with polar scope 
Cost: £399/$448 
From: www.altairastro.com 
If you've ever considered taking up 
astrophotography as a serious hobby, 
then this camera mount is an essential 
piece of kit. The iOptron SkyTracker 
is simple but effective, ensuring you'll 
get the best images possible when you 
use it with a digital camera. How it 
works is simple; you mount it on top 
of a camera tripod and then attach a 
digital camera. Align it with Polaris, 
the North Star, and the computerised 
motor will then keep your camera 
tracking the sky at the same speed as 
the Earth rotates. If you're trying to 
get images of nebulas, galaxies, stars 
or whatever then this functionality is 
imperative, ensuring your image stays 
focused on the target. For the aspiring 
astrophotographer we'd highly 
recommend this product. @ 
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2 Binoculars 
Celestron TrailSeeker 
10x42 

Cost: £260/$350 

From: www.hama.co.uk 


If you need a sleek and sturdy pair 

of binoculars to view the night sky 
then the Celestron TrailSeeker 10x42s 
are perfect for those out observing 
either with or without a telescope. 
While they're lightweight they retain 
Tomo) PMG LUN a= eUNIAYaM Bre oA oI BI 
with prolonged use, won't cause any 
noticeable negative effects to the 
fantastic optics inside. The optics are 
aided by Bak-4 prisms with phase 
and dielectric coatings, which allow 
an increased amount of light into the 
binoculars. A wide field of view also 
ensures you won't struggle to find 
any objects in the night sky. With 

the additional ability of being able to 
mount these binoculars to a tripod, 
the Celestron TrailSeeker 10x42s are a 
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Cost: £75/$94 
From: www.celestron.uk.com 
If you've purchased a computerised 
telescope then you're going to need 
some way to power it. While you 
ete O Kaede Dae IAKc some O Bloom ON 
quickly run out of juice and replacing 
them time and time again can be very 
expensive indeed. Instead, you'd be 
better off spending a bit more and 
getting an external battery like this 
offering from Celestron. It will supply 
your telescope with the power it 
needs to slew across the sky and also 
comes with a handy carrying arm 
and is relatively lightweight, too. A 
flashlight and redlight are both also 
useful for setting up your telescope. 
Just make sure you recharge this 
Elia mee aaa mene lenmaenti 
you're not using it, to prolong its 
lifetime as long as possible. @ 
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An Astronaut's Guide 
WORK e late 

Cost: £14.99/$16.80 


From: www.panmacmillan.com 
Canadian astronaut Chris Hadfield 
is arguably one of the most famous 
modern astronauts, with almost 

a million followers on Twitter. 
Following his stint aboard the ISS he 
has penned this book, An Astronaut’s 
Guide To Life On Earth, to tell his 
story of how he became an astronaut 
and what it’s like to live in space. 
The book is skilfully written, with 
the overriding story of Hadfield's 

life interspersed with interesting 
anecdotes and facts from his time 

in training and in space. He instils 

a sense of wonder throughout, all 
the while explaining complex topics 
in a simple manner. This offering 
from Hadfield is a great purchase for 
anyone with even a passing interest 
in space exploration. @ 
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This incredible computerised 
telescope is up for grabs in our 
latest competition 


Our friends over at David Hinds (www.celestron.uk.com) have kindly 
supplied this fantastic telescope, a Celestron SkyProdigy 6 SCT, for this issue's 
competition. You can read our review over on page 93 but right here you've 
got a chance to win it! 

This Schmidt-Cassegrain telescope, with a self-aligning SkyProdigy mount 
“and StarSense technology, uses an intelligent on-board computer to enable you 
to tour the night sky with ease. 

The huge light-gathering power; coupled with fantastic optics, will allow you 
to see fantastic sights across the universe, from planets to stars :to galaxies. The 
SkyProdigy 6 SCT is also very easy to set up, so you'll have it up and running 
in no time at all. 
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£49.99! 
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Call 01932 703605 until 5PM six days 


Offers subject to availability & prices subject to change without prior notice 





It’s big on performance 

as a grab’n go visual/ 
astroimaging/guiding 

f6, 2 kilo doublet refractor... 


The only thing that’s small 
is the price. £299 


Galloway Astronomy Centre 
A Winter of Comets 
Comet ISON will be visible through Nov to Jan. It will 
look amazing in our dark skies. Together with other 
comets and the wonders of the night sky it's going to 
be a great winter for observing. 
Now at Solar Maximum you may even see an Aurora. 
Suitable for all levels of experience. 
We offer 
Telescopes up to 400mm 
B&B style accommodation and evening meals 
Stargazer Gift Vouchers 
Prices from £26 pppn 


Contact - Mike Alexander 

Craiglemine Cottage, Glasserton, Dumfries & Galloway, DGS 8NE 
Tel: 01988 500594 

enquiries@gallowayastro.com 

www.gallowayastro.com 


The NexStar SLT 127 #Maksutov 
Cassegrain is an affordable mid level 
computerised GoTo telescope, it is loaded 
with valuable design features. Pre 
assembled, adjustable stainless steel 
tripod and quick release fork arms and 
tubes, means that the NexStar 127 SLT 
telescope can be set up in a matter of 
minutes -— with no tools required! 
Enabling you to see details of the lunar 
surface, Venus and its phases, polar caps 
on Mars, Jupiter and its four moons, 
Saturn with its rings plainly visible and 
much more! The NexStar SLT127 can 
also be used as a land-based spotting 
telescope. 


Nexstar 127 SLT Goto 
£389.00 


Free 12v Mains unit worth £20.00 
LOG ON to our website for 
more competitive prices on scopes 
from the world's leading manufacturers. 


www.sherwoods-photo.com 


North Court, Greenhill Farm, Morton Bagot 
Warwickshire B80 7EL 
Tel. 01527-857500 Fax 01527-857501 
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Arthur C Clarke 


We look back on the life of one of 
the most revered science-fiction 


writers of all time 


His full title only paints a small 
picture of his glittering career; Sri 
Lankabhimanya Sir Arthur Charles 
Clarke, CBE, FRAS (the former title 
being Sri Lanka's highest civil honour) 
is one of the most acclaimed science- 
fiction writers to have ever lived. He 
is known not only for his fantastic 
stories but for his accurate portrayals 
of the future and his learned science 
writings. Clarke is remembered as 
one of the most famous writers and 
advocates of space travel the world 
has ever seen, and his legacy is still 
apparent today. 

Clarke was born in Minehead, 
Somerset, England on 16 December 
1917. Throughout his youth he 
maintained a passion for stargazing, 
while in the Second World War he 
served as a radar specialist for the 
Royal Air Force. After the war Clarke's 
interest in science truly began, 
he earned a first-class degree in 
mathematics and physics from King's 
College London and then served as 
chairman of the British Interplanetary 
Society (BIS) from 1946 to 1947 and 
again from 1951 to 1953. 

Prior to this in 1945, however, Clarke 
wrote a paper that is widely credited 
as being one of the first proposals 
for geostationary satellites. He wrote 
further non-fiction books in 1951 and 
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1958 on the idea of placing satellites 
in geostationary orbit to enable global 
communications, which would earn 
him the distinguished honour of 
having the orbital region occupied 
by geostationary satellites named as 
the Clarke Orbit by the International 
Astronomical Union ([AU). 

Aside from his scientific writings, 
however, it was Clarke's works of 
fiction that really propelled him into 
the global limelight. In May 1946, his 
first piece of fiction, Rescue Party, 
was published. By the summer of the 
following year he had written his first 
novel, Prelude To Space, and by the 
Fifties he had almost fully devoted 
himself to writing. 

It was also around this time that 
Clarke developed a keen interest in 
diving, which he said was the closest 
he could come to the weightlessness 
felt during spaceflight. Clarke visited 
Sri Lanka to learn how to dive and 
in 1956 he made the decision to 
permanently move to the country, 
with the locale significantly 
influencing much of his writing. 

In 1964, Clarke began work on 
one of his most famous projects, a 
collaboration with Stanley Kubrick 
on the film 2001: A Space Odyssey. 
The story was loosely based on 
Clarke's own short story The 





Sentinel, published in 195], but for 

the film Clarke wrote an entirely 

new novel alongside Kubrick's work 
on the screenplay. The movie and 
novelisation were released in 1968 
but, although the plot of each was 
very similar, Clarke went into a lot 
more detail than Kubrick, the latter 
preferring to explore the banality of 
Space travel somewhat to the angst of 
Clarke. Indeed, a close friend of Clarke 
reported that he left the premiere for 
the film in tears at the interval having 
just sat through a scene that saw an 
astronaut jog around a spacecraft for 
11 minutes, which was later dropped 
from the final cut. 

Nonetheless 2001: A Space Odyssey 
is widely credited as being one of 
Clarke's crowning achievements, 
and he went on to expand the series 
with further novels. For the next 
few decades Clarke would write 
hundreds more papers, books and 
novels in addition to producing several 
television programmes. 

In 1988, he was diagnosed with 
post-polio syndrome and confined to 
a wheelchair, bringing to an end his 
diving pastime, but he continued to 
add to his written repertoire. Aside 
from the Clarke Orbit named in his 
honour, there is also an asteroid, 4923 
Clarke, named after him, while the 
Arthur C Clarke Awards are given 
out annually to outstanding works of 
science fiction in Britain. 

Clarke passed away at his home in 
Sri Lanka on 19 March 2008 following 
heart failure, but his legacy lives on 
to this day and will continue to last 
long into a distant future that he often 
fantasised about in his novels. @ 
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Explore the Amazing Mysteries 
of Our Cosmos 


Supermassive black holes. Dark energy. Cosmic inflation. These 
and other cutting-edge concepts are central to the science of 
cosmology—a fascinating and profound field of study that offers 
amazing clues about the history and nature of our universe. The 
picture of the cosmos that researchers have recently assembled is 
stunning, making this the perfect time to learn about cosmology. 


In the 36 lectures of Cosmology: The History and Nature 

of Our Universe, expert astronomer and award-winning 
Professor Mark Whittle introduces you to the origin, evolution, 
composition, and probable fate of our universe. Supported by 
more than 1,700 detailed illustrations, this course reveals the 
profound depths of the universe—but always in simple, 


Offer cealins 16/12/13 
0800 298 9796 
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LECTURE TITLES 

1. The Journey Ahead 
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Measuring Distances 

Expansion and Age 

Distances, Appearances, and Horizons 

Oe aye le  -a 

LOM eC ieee Ti Se A 

Tl. Cosmic Expansion—Keeping Track of Energy 
12. Cosmic Acceleration—Falling Outward 
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14. Conditions during the First Million Years 
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17. Primordial Roughness—Seeding Structure 
18. The Dark Age—From Sound to the First Stars 
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24. Understanding Element Abundances 
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28. Back to a Microsecond—The Particle Cascade 
29. Back to the GUT—Matter and Forces Emerge 
30. Puzzling Problems Remain 

31. Inflation Provides the Solution 

32. The Quantum Origin of All Structure 

33. Inflation’s Stunning Creativity 
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Cosmology: The History and 
Nature of Our Universe 
Course no. 1830 | 36 lectures (30 minutes/lecture) 


SAVE £45 
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Designed to meet the demand for lifelong learning, 
The Great Courses is a highly popular series of 
audio and video lectures led by top professors 

and experts. Each of our more than 450 courses 

is an intellectually engaging experience that will 
change how you think about the world. Since 


1990, over 14 million courses have been sold. 
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apply. See www.greatcourses.co.uk for details. 
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Superior 
--optics for. 
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lf you're looking for a dual-purpose telescope appropriate for 
both terrestrial and celestial viewing, then the AstroMaster Series is for you. 
Eacn AstroMaster model is capable of giving correct views of land and sky. 


The AstroMaster Series produce bright, clear images of the moon and planets. 
Even the moons of Jupiter and the rings of Saturn can be easily seen with 
every one of these fine instruments. For views of the brighter deep space 
objects like galaxies and nebulae, we recommend the larger aperture and light 
gathering ability of the Newtonian reflectors. 


* For details of your nearest stockist please call Hama (UK) Ltd on 0845 230 4262 
View the full range at www.hama.co.uk/products/celestron 


